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Teaching Professional Qualities 


By N. W. DOUGHERTY 


First Vice President of the Society 


Charles F. Scott, former President of The Society for the Promotion of 
ineering Education, has been bombarding engineering teachers with Wicken- 
’s “Second Mile—A Resurvey.” In doing this he has performed a real 
ice to the profession and at the same time placed engineering teachers in a 
current of instruction which may lead them to a better understanding of 
fessional goals. Dean Crawford promoted a conference at Cincinnati which 
uced enough discussion to warrant the assumption of a real interest in pro- 
ional topics. 

We suggest that engineering teachers undertake to give instruction in profes- 
jonal qualities. By this we mean instruction which will lead students to the 
clusion that they are preparing for entrance into an exacting profession and 
t on entry they assume duties and obligations which are not required of non- 
fessional practitioners. How can these things be? Are not the obligations 
good. workmanship imposed on all workmen? Certainly satisfactory per- 
ance is required of all, but the professional must be the judge of the excel- 
e of his own performance. Only professionals can judge the correctness of 
work done by professionals. (This may seem a little dogmatic to an engi- 
r who criticizes the performance of English and Physics professors. ) 

What are the qualities? Dr. Doherty in his presidential address at Cincinnati 
ed some of them: 





1. That its members shall have acquired an organized body of higher 
learning. 

2. That they serve their clientele by the application of that learning. 

3. That they control a system of professional education and strive for 
its improvement. 

4. That they share a common purpose and method of service and a com- 
mon code of conduct with respect to each other and to their clientele. 

5. That they serve their country by expert counsel in their fields, by par- 
ticipating as civic leaders in community enterprises, and by forming 
intelligent judgments on political issues and then actively supporting 
them. 

We would add a sixth. That they must assume individual responsibilities 

for their acts, and in many cases this responsibility leads to a relation of 

confidence to the client or to the public or to the client and the public. 
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and report. Obviously staff members must possess professional attitudes and 
qualities to create the favorable climate in which they may grow. 

Before any group may say it is professional it must have a history and a tra- 
dition. No one would contend that engineers fail in this respect. Their failure 
has been in the readable record of their achievements. Pride in ancestry, great- 
ness in achievement, and hope for a future are essential parts of the climate for 
professional growth. 

Engineering history may be written and taught to students both as formal 
assignments and as inspirational reading. The profession may need “a good 
five cent cigar” but it further needs a good readable history. It needs more; it 
needs a series of biographies of eminent engineers who have lived since the day 
of Samuel Smiles. Here is a task designed for the abilities of someone who has 
the spirit of engineering and a knowledge of men and their achievements. 

A Committee of Engineers’ Council for Professional Development is propos- 
ing a uniform code of ethics. Some day the code will be written. Until that 
day students should be taught the codes of the several societies. They should 
be made to understand the relations of engineers to each other, to the public, to 
their employees, and a new section should be added stating the relation of em 
ployer to employee. 

Most of our instruction is in the areas suggested by Dr. Doherty’s first three 
points. To be an engineer the practitioner must have the rudiments of knowl 
edge suggested by the Committee on Aims and Scope of Engineering Curricula 
and restated by the Committee on Engineering Education after the war. 

The Committee has more than hinted that professional qualities are a vital 
part of the young engineer’s equipment. 


Consciousness of the engineering fraternity as a functional group in so 
ciety engaged in constructive work of a common nature, using common 
method of thought, and inheriting common obligations. 


Appreciation of the heritage of knowledge and art, of standards of per 
formance, and of the traditions of group action from professional develop- 
ment. 


Recognition of the confidential relationship between agent and client, at 
the principles of fairplay between colleagues, and also encompassing social 
duty to the public adequately and honestly given. 


Loyalty to the principles of professional ethics not alone according to the 
canons in which they have been formulated but according to the spirit in 
which they have been conceived. 






Can these things be taught? Our answer is yes, but only by those who pos- 
sess them and then by precept and example as well as by classroom assignment 









Obligation to serve the profession in the advancement of its science, tech 
nology and art, and also in the discharge of its broad social duty. 


Group activity is an essential part of the professional life. Early in the 
school program students should begin their group contacts. They should take 
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am active part in student branches where they may discuss the things suggested 
inthis paper. By practice they will learn how to use the democratic process of 
gpen assembly to arrive at group conclusions which may be better than the find- 
ings of any individual. 

We admit that most of the education in professional qualities will come by 
contact and contagion, but we urge that teachers become conscious of their profes- 
sional possibilities and thus create an atmosphere and a climate where these things 
may grow. Formally we should try to sow the seed which may grow into a 
useful part of the profession. It may grow like the Kingdom: “First the grain, 
then the ear, then the full grown corn in the ear.” 


New Members 


Avro, Greorce H., Associate Professor of search, U. S. Merchant Marine Cadet 
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L. Bueche. Humpurey, Ricuarp D., Assistant Pro- 
frown, Jesse C., Assistant Professor of fessor of Humanities, Stevens Institute of 


Economics and Social Science, Georgia Technology, Hoboken, N. J. James 
School of Technology, Atlanta, Ga. R. S. Creese, W. R. Halliday. 


Sweigert, R. L. Allen. KuMMeERLE, Harrison M., First Assistant 
CampBeLt, Laura S., Acting Director, in Mechanic Arts, Straubenmuller Textile 
Drexel Evening Diploma School, Drexel High School, New York City (now as- 
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R. C. Disque, A. C. Harper. ston St., Brooklyn 2, N. Y.). F. W. 


(ops, Witt1aM C., College Editor, Hough- Ming, G. C. Autenreith. 

ton Mifflin Company, 2 Park St., Boston, Lennart, Jack, Assistant Professor of 
Mass. J. I. Yellott, H. T. Heald. Drawing,’ University of Texas, Austin, 
Davis, Jess H., Professor and Head, Dept. Texas. C. E. Rowe, W. H. McNeill. 

of Mechanical Engineering, University of | Mitts, Matcoim E., Project Engineer (En- 
Louisville, Louisville, Ky. F. L. Wilkin- gineering), Wright Aeronautical Corp., 443 
son, W. M. Hammons. Prospect St., Glen Rock, N. J. F. L. 
Gaiswotp, Epwarp M., Instructor in Ma- Bishop, Nell McKenry. 

thine Design and Engineering Drawing, ScHimMeEL, Frep A., Chairman, Dept. of 
The Cooper Union, New York City. C. Engineering, Drew University, 153 Park 
H. Young, G. F. Bateman. Ave., Madison, N. J. F. L. Bishop, Nell 
Gross, Howarp W., Dean, Spring Garden McKenry. 

Institute, Broad and Spring Garden Streets, Sunpguist, Freperick R. C., Associate 
Philadelphia, Pa. W. L. Hughes, A. C. Educational Officer, Engineering, U. S. 
Harper. Merchant Marine Cadet Corps, 213 Mid- 
Guetpa, Leo B., Lt. USNR, Associate dleneck Road, Great Neck, N. Y. Brother 
Educational Officer, Mathematics and Re- A. Denis, R. T. Weil. 


The Post-War Challenge to Engineering Education* 


By H. S. ROGERS, President of the Society 


One who desires to make any study 
er survey of educational plans for, or 
of institutional problems of post-war 
engineering education cannot get far 
from the basic outline of the problems 
presented in May of this year in the 
report of the Committee on Engineer- 
ing Education After the War, nor from 
the work of the divisional committees 
of our national society. It was the 
purpose of the post-war committee to 
study both the urgent and immediate 
problems of engineering education and 
the longer range problems of educa- 
tional principles and practices. 

Most of the matters of more immedi- 
ate concern are of primary interest to 
administrative officers and faculty com- 
mittees. They are found in such areas 
as secondary school training, selective 
practices for admissions, evaluation of 
junior college programs, physical edu- 
cation, and special guidance and train- 
ing for veterans entering or returning 
to college. The problems within some 
of these groups are perennial problems 
of faculty committees. Various groups 
or committees of our Society also are 
giving particular attention to each of 
these fields. Problems such as those 
presented by the status of secondary 
school training and the merits of selec- 
tive admissions are under constant 
study of our standing committees. 
Other matters such as the physical con- 

* Presented at the Fall Meeting of the 


New England Section, S.P.E.E., Harvard 
University, October 7, 1944. 


ditioning of students and the determi- 
nation of academic credits for military 
programs are being studied by agencies 
outside of our engineering faculties, 
Such problems as those presented by 
veterans’ education require some or- 
ganized approach for the purpose of 
securing information and formulating 
plans and procedures. The Adminis- 
trative Division of the Society is giving 
its active and constant attention to 
these matters. 

The long range development and im- 
provement of engineering education, on 
the other hand, are the major common 
task and common responsibility of our 
engineering faculties. Regarding long 
range matters the Committee on Engi- 
neering Education After the War 
limited its report and recommendations 
to the basic areas of engineering edu- 
cation, such as scientific-technological 
and humanistic-social, and to the funda- 
mental principles involved. It was the 
hope of the Committee and the ex- 
pectation of the Council of the Society 
that the report would stimulate experi- 
mentation both in curricula planning 
and in instructional methods, that the 
opportunities of the post-war adjust- 
ment period would be utilized to the 
fullest for the inauguration of those 
plans and procedures which give prom- 
ise of permanent and general value, 
and that the results of such experi 
mentation would be presented to the 
Society through its regional and na- 
tional meetings. 
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A consideration of the needs and op- 
portunities for improvement and de- 
yelopment can be approached most 
readily under these general headings of 
sientific-technological subjects and hu- 
manistic-social studies and under the 
topics, graduate study and research. 
The first of these areas is served by the 
various divisions and committees of 
our Society. We have just organized 
a Division of Humanistic-Social Stud- 
ies to serve the second. The Commit- 
tte on Graduate Programs is of recent 
origin but bids fair to develop into a 
Graduate Division at an early date and 
the Committee on Research is coin- 
tident with the officers and Executive 
Committee of the Engineering College 
Research Association. It is through 
these divisions and committees, and 
through the sections and branches, that 
the Society may focus group thought 
iid action upon post-war problems 
md contribute to progress in engineer- 
ing education. 

In its report on the scientific-tech- 
ological stem, the Committee placed 
major emphasis upon methods of en- 
gineering thought, discipline in engi- 
tering habits of work, and indoctrina- 
tion in the ideals and ethics of the engi- 
tering profession. The problems of 
these areas are a perennial challenge 
fo engineering educators and occupy 
uch of our attention in society meet- 


ings. 
ENGINEERING THOUGHT 


A general understanding of the na- 
lure of engineering thought as out- 
lined in the report would go far toward 
improving our methods of instruction 
ind lead to the development of greater 
dility and power on the part of engi- 
fering students in the use of these 
thought processes. Far too often for 
the welfare of engineering education 
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are student and instructor alike ob- 
livious to the generic nature of prin- 
ciples underlying working formulas 
which have been developed for facility 
in the solution of more or less stand- 
ard problems. 

We need not only a clearer and 
more unified understanding of engi- 
neering thought operations but also a 
more critical and comparative study of 
methods for developing facility in the 
use of such processes. The report pre- 
sents an elementary discussion of the 
tools of engineering thought and briefly 
suggests teaching procedures for its 
development. There is a great oppor- 
tunity in the sections and branches for 
an exchange of information and views 
upon teaching methods which empha- 
size the general nature of engineering 
thought and the development of skill, 
resourcefulness and judgment in its 
use. 

After the last war a number of in- 
stitutions developed courses in engi- 
neering problems, some at the fresh- 
man level and others at higher levels. 
It was the purpose of these courses to 
drill students in the engineering method 
and major emphasis was placed upon 
engineering analysis rather than upon 
subject matter. Some of these courses 
have developed with such strength 
that they have influenced the student’s 
entire training; others have been less 
successful. Recently several institu- 
tions have developed engineering analy- 
sis as a disciplinary course at the upper 
division and graduate levels. There 
are various advantages that are in- 
herent in the teaching of such courses 
at any level and undoubtedly the ability 
of students can be improved by such a 
concentration upon thought processes 
in contra-distinction to subject matter. 
On the other hand, were there a com- 
mon understanding of the nature of en- 
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gineering thought processes and were 
the practice of emphasizing its nature 
developed in all engineering courses, 
the results in the training of students 


would greatly surpass those to which” 


we are presently accustomed. 


DISCIPLINE IN ENGINEERING HABITS 


Engineers look forward to occupa- 
tions in industry or in public works 
where certain attitudes toward and 
habits of work are prevalent. Indus- 
try, accuracy, thoroughness, neatness 
and initiative are the traits most fre- 
quently emphasized and highly prized 
by industry. Such emphasis is na- 
turally a part of the broader concept of 
efficiency, economy and conservation, 
which characterizes productive enter- 
prise. It may well be that the doctor, 
the lawyer or the preacher might find 
it desirable to emphasize other traits, 
but in the engineer these are harmonius 
with the general aims of industrial ef- 
ficiency. As a characteristic feature of 
professional competency, discipline in 
such virtues should be incorporated in 
the engineer’s training. The engineer- 
ing schools have a reputation for de- 
manding industry and accuracy beyond 
that demanded by most other schools. 
We could go still further in our de- 
mands for discipline in system, order 
and neatness, not only upon our stu- 
dents but upon our staffs. 


INDOCTRINATION IN ENGINEERING 
IDEALS 


During recent years, largely as a re- 
sult of the work of the E.C.P.D., our 
engineering societies have become more 
conscious of their status as functional 
groups within the social structure and 
have recognized more clearly the sig- 
nificance of professional ethics and 
ideals. The Societies and the Registra- 
tion Boards have both promulgated 
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standards of qualification and of con- 
duct and E.C.P.D. has engaged in a 
program for developing professional 
consciousness. We of the S.P.E.E. 
have participated in this movement 
through our Committee on the Prin- 
ciples of Engineering Ethics and the 
Coérdinate Committees in Personal 
Development. For the coming year 
these latter have been grouped into 
one Committee on Professional De- 
velopment which will articulate its 
work with the Committee on Selection 
and Guidance. 

The approach to professional indoc- 
trination can be more directly made 
through the student branches and 
founder societies than through the 
classroom. The influence of the in- 
structor’s ideals and ethics in an im- 
direct manner is probably, however, 
more significant than formal discus- 
sions in student chapters. Neverthe- 
less a conscientious program of pro- 
fessional indoctrination can contribute 
much to the next generation of prac- 
ticing engineers. 


CuRRICULA 


It would appear that our under- 
graduate curricula are more or less 
standardized as a result of their em- 
phasis upon the unchanging principles 
of engineering science rather than upon 
the changing standards of engineering 
practice and furthermore as a result 
of accreditation by the E.C.P.D. The 
progress of new applications during the 
war, nevertheless, will probably in- 
fluence certain of our curricula. Just 
as the development of communications 
effected changes in electrical engineer- 
ing curricula built largely around 
power, so will the- developments of 
ultra-high-frequency effect further 
changes in present curricula. While 
the influence of electronics may be 
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more significant in electrical engineer- 
ing than any single development in 
other fields, it is certain that, along 
with high frequency, the other relutives 
such as high pressures, high tempera- 
ture, high speeds, high polymers and 
high flying will have their effect upon 
the applications introduced into under- 
graduate curricula. They will affect 
graduate study, however, in a greater 
measure. 

The great need of industry, expand- 
ing under war production, for men 
who, together with a mastery of the 
principles of engineering and the power 
constructively to apply them, possess 
iso a knowledge of materials, plant 
layout, manufacturing processes, mass 
production methods and controls has 
brought the fields of operation and 
management into bolder relief as a 
thallenge to engineering education. 
Modern industry with its specialized 
we of materials, with its diversified 
use of power and transmission systems, 
with its highly developed machine tools 
and processes, with its planning and 
sheduling of production and all the 
techniques of control of material proc- 
tsses, of costs and of labor operations, 
has developed a technology which has 
been analyzed and rationalized in a 
basic and thoroughly engineering man- 
ner. 
Some of the practices and many of 
the techniques are amenable to class- 
foom and laboratory instruction ; some 
practices, operations and procedures 
arenot. The practices in time and mo- 
tion studies, in gaging, in scheduling 
and in other production controls as 
well as the procedures in cost analysis, 
and in estimating, are among those so 
fationally and so fundamentally de- 
veloped that they have been integrated 
into engineering curricula in an ele- 
mental manner. The number of cur- 
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ricula which have been developed in 
the field of management or production 
are, however, still limited as related to 
the demand for men from American 
industry. 

While a certain mastery of engineer- 
ing fundamentals and a discipline in 
engineering methods of thought are 
the very foundation and backbone of 
any program of engineering education 
and are likewise essential to the under- 
standing of modern industry, it never- 
theless is desirable that those engineer- 
ing schools, which have the resources 
of equipment and personnel, develop 
curricula which will in part meet the 
needs of industry in the production 
and management fields and offer an 
outlet for the interests and abilities of 
many post-war students. The instruc- 
tional divisions of our society may well 
give more attention to this matter. 


GRADUATE STUDY 


Perhaps the field of engineering edu- 
cation which will be influenced most 
by war experience is that beyond the 
undergraduate program in the grad- 
uate and post-collegiate years. The 
expansion of research and the develop- 
ment of new techniques particularly in 
chemical, electrical and aeronautical 
engineering have surpassed any ex- 
perience in history. While much of 
the development has been in fields of 
application rather than in basic theory, 
the technology involved has been upon 
such a high level that graduate work 
is becoming increasingly more neces- 
sary and special in-service courses for 
engineers in industry more desirable. 
These developments will bring more 
formal course organization into the 
programs at the master’s level and will 
stimulate the expansion of work of a 
more fundamefital. nature at the doc- 
toral level. 
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One of the most significant develop- 
ments in engineering education in re- 
cent years has occurred in the field of 
graduate evening study. Where strong 


programs have been offered in indus-- 


trial areas, registration has grown by 
leaps and bounds. Our Committee on 


Graduate Programs is actively follow- 
ing all developments in this field. 


RESEARCH 


There has been a school of thought 
. among some industrialists that held en- 
gineering colleges were not situated or 
prepared successfully to pursue re- 
search in any but the abstract fields of 
scientific knowledge. Experience in 
war-time has, however, demonstrated 
that many institutions have the per- 
sonnel and facilities to make substan- 
tial, even great, contributions to the 
development of new instruments of 
warfare. The achievements which have 
been made are reason for a growing 
confidence in the resourcefulness of 
engineering schools which should en- 
courage greater codperation between 
industry and the schools in the post- 
war period. The extent of such re- 
search will obviously decline with the 
cancellation of government contracts 
but that industrial contracts will go 
. forward in increasing volume seems 
equally certain. The E.C.R.A. is a 
potent force in such developments. 


HuMANISTIC-SOcIAL STUDIES 


The 1940 report on Aims and Scope 
of Engineering Curricula focused at- 
tention on the objectives of the human- 
istic-social studies in engineering cur- 
ricula as a unit and phrased these 
objectives in such broad terms as the 
“Understanding of the evolution of the 
social organization within which we 
live and of the influence of science and 
engineering on its development,” and 
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the “Development of moral, ethical, 
and social concepts essential to a satis- 
fying personal philosophy, to a career 
consistent with the public welfare, and 
to a sound professional attitude.” It 
made. no attempt, however, to specify 
the means by which such objectives 
could be attained. The report of the 
Committee on Engineering Education 
After the War went further in a pre- 
scription of methods of organization 
and of conditions under which progress 
toward such objectives might be made. 
Among these are such recommenda- 
tions as “Establish responsibility for 
planning and codrdination,” “Formu- 
late the results as explicitly as possi- 
ble,” “Allot time in more advanced 
years as generously as possible,” ete, 
It is recognized, however, that many 
difficulties must be overcome before 
such recommendations can be esta 

lished. ; 

Institutions of the unitary type can 
proceed in the manner prescribed much 
more readily than engineering schools 
in a university system. Some of these, 
such as the Massachusetts and Car 
negie Institutes of Technology, have 
already developed integrated programs 
in this field. 

The breadth of objectives, the scope 
of studies, the diversity of faculty 
views and backgrounds, and the variety 
of activities which must be brought to 
bear upon a unified program give rea- 
son to conclude that developments may 
be widely different. Common to all. 
such programs, however, are certain 
basic judgments of value and factors 
of motivation. 

The neutral detachment so desirable 
in science will not be found ror will it 
suffice in the humanities and_ social 
studies. The “evolution of the social 
organization within which we live” 
may be understood through a génetic 
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or historical study, but a belief in de- 
mocracy, a commitment of oneself to 
professional ideals and the “develop- 
ment of moral, ethical and social con- 
cepts essential to a satisfying personal 
philosophy” require the cultivation of 
a sense of values. Qualitative judg- 
ments of value have their foundation 
not alone in philosophical analysis but 
are conditioned more particularly by 
attitudes, loyalties and beliefs acquired 
variously in the course of life. How 
fo refine judgments of value and mo- 
tivate men to behave in accord with 
them are among the most perplexing 
and obscure problems of all education. 

The classical tradition had its origin 
in the aim of the great philosophers to 
irge free men to an understanding of 
the good life. In the course of its his- 
tory, it has developed into a didactic 
system which still dominates teaching 
in the humanistic-social field. In con- 
tra-distinction to the book learning re- 
sulting from such teaching, engineers 
expect that out of the humanistic- 
social studies and from the experiences 
of life situations we may improve the 
student’s ability to question, to con- 
sider, to seek evidence, to weigh, to 
judge, to make discriminate choices be- 
tween good and evil, between right and 
wrong, between beauty and ugliness, 
and to act as a free and responsible in- 
dividual in society. 

It may rightly be expected that 
achievement of the formulated objec- 
tives will be a long and arduous task. 
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The beginning of experiments in this 
field is encouraging. The new division 
of Humanistic-Social Studies of S.P. 
E.E. is tackling this problem with vi- 
sion and courage. 

In conclusion, it is obvious that I 
have made no attempt to be a clair- 
voyant and picture the nature and ex- 
tent of post-war developments in engi- 
neering education. On the other hand, 
I have endeavored to point out the 
avenues which offer a great challenge 
to growth and progress and the re- 
sources within our Society and related 
agencies which are available for and 
operative in the promotion of progress. 

Scientific and educational institu- 
tions are not assembled as manufac- 
turing companies may be, but develop 
through a slow biological process of in- 
ternal growth. Even when objectives 
are clearly visioned, progress can be 
made only through the selection of ma- 
terials, the preparation of programs 
and the development of teachers. The 
war has accelerated growth in certain 
areas and magnified the need in others. 
The engineering schools of the country 
were never more realistically conscious 
of their problems, objectives and needs 
than at present. They have many diffi- 
culties of facilities and personnel to 
overcome, but they have also a great 
confidence and faith that they will and 
can go forward at an accelerated pace 
when hostilities are over and students 
in large numbers and faculties broad- 
ened by experience return to their halls. 








Technical Institutes 


Plans are underway for the accredit- 
ing of the curricula of technical insti- 
tutes by the Engineers’ Council for 
Professional Development, according 
to an announcement made by H. P. 
Hammond, dean, School of Engineer- 
ing, The Pennsylvania State College, 
who is chairman of a Subcommittee 
on Technical Institute Programs of 
E.C.P.D. 

“The general purpose of the accred- 
iting program,” Dean Hammond said, 
“is to raise the standards of instruc- 
tion in the field of technical education 
intermediate between the engineering 
college on the one hand and secondary 
and vocational schools on the other, 
and to place this field of education on 
a basis of strength and usefulness com- 
parable to the position it holds in other 
industrial nations. It is expected by 
this means to enhance the general 
status of technical and engineering 
education as a whole.” 

Dean Hammond announced the 
personnel of the committee as follows: 
C..W. Beese, of Purdue University ; 
George W. Case, of the U. S. Office 
of Education; John T. Faig, of the 
Ohio Mechanics Institute; L. J. 
Fletcher, of the Caterpillar Tractor 
Company; E. H. Rietzke, National 
Council of Technical Schools; and 
B. M. Woods, University of California. 

The Engineers’ Council for Profes- 
sional Development, organized in 1932, 
is made up of three representatives of 
each of the following organizations: 
The American Society of Civil Engi- 
neers, the American Institute of Min- 
ing and Metallurgical Engineers, the 
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American Society of Mechanical En. 
gineers, the American Institute of 
Electrical Engineers, the American 
Institute of Chemical Engineers, the 
Society for the Promotion of Engi- 
neering Education, the National Coun- 
cil of State Boards of Engineering 
Examiners, and the Engineering In- 
stitute of Canada. 

The work of the Council is carried 
on by four major committees on stu- 
dent selection and guidance, engineer- 
ing schools, professional training, and 
professional recognition which cover 
all phases of the engineer’s career from 
the time he makes up his mind to 
enter an engineering college until he 
has acquired full recognition in the 
practice of his profession. 

Accreditation of curricula of engi- 
neering schools was undertaken by the 
Council many years ago and has re- 
sulted in the publication of lists of ac- 
credited curricula which are available 
for public reference. As only curricula 
leading to degrees in engineering were 
accredited by E.C.P.D., and the bene- 
fits of accreditation have been s0 
marked, E.C.P.D. was asked to un- 
dertake a similar program for cut- 
ricula of schools of the technical insti- 
tute type. Authorization of E.C.P.D. 
to embark on such a program was re- 
cently voted by the eight organizations 
which comprise the Council. The Sub- 
committee on Technical Institute Pro- 
grams was therefore organized to un- 
dertake the development of the accred- 
iting program. 

At the organization meeting of the 
subcommittee held in Chicago, IIl., Oc- 
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TECHNICAL INSTITUTES 


tober 22, 1944, a statement of the basis 
for accrediting technical institute cur- 
ficula was adopted. This statement 
fsts the general requirements which 
xcredited curricula must satisfy, such 
as the length of curricula, requirements 
for admission, the nature of the cur- 
ficula, the method of instruction, the 
training, experience and number of the 
teaching staff, the type, financial sta- 
bility, and achievement of the institu- 
tion in which the curricula are offered, 
md the adequacy of physical facilities. 

Principles and procedures to be fol- 
lowed by the subcommittee in its work 
ae the following : 


“1. Individual curricula are accred- 
ited. 

“2. Rigid standards as a basis for 
accrediting are avoided in order 
to prevent imposed uniformity 
and to encourage educational 
experimentation. 

“3. Curricula are appraised on invi- 
tation of the institution offering 
them. 

“4. Curricula are accredited on the 
basis of both qualitative and 
quantitative criteria which are 
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evaluated through visits of in- 

spection by a committee or com- 

mittees representing E.C.P.D. 

and through data secured from 

catalogues, other publications, 
' and questionnaires. 


The subcommittee’s statement makes 
it clear that any lists it publishes will 
include only curricula that have been 
accredited. It is planned that accredit- 
ing may be extended for a period of 
unlimited duration or may be made 
on a provisional basis for a limited 
period with reappraisal at the end of 
that period. This procedure is the 
same as that which has been satisfac- 
torily followed by the E.C.P.D. in the 
accrediting of engineering curricula. 

In addition to the accrediting pro- 
gram, but only upon request of recog- 
nized officials of an institution, in- 
formal advice will be given on matters 
such as changes in educational policy, 
organization, curricula, personnel, and 
physical facilities. 

It is further planned to reinspect 
curricula at intervals of three to five 


years in order to maintain the accred- 


ited list on a dependable and up-to- 
date basis. 











International Relations Involving the Training of 
Students from Foreign Lands * 


By S. S. STEINBERG 
Dean, College of Engineering, University of Maryland 


The present world war, more than 
any other event in our history, has 
caused us as a nation to take stock of 
our relations with the world at large. 
For the first time we have become 
acutely conscious that the whole world 
is a unit and that a great change in any 
nation may have important effects on 
our own domestic affairs. Better in- 
ternational understanding can come 
about only through greater knowledge 
of the cultures of other peoples, and the 
means of better understanding are 
through education and by actual con- 
tact with the representatives of other 
lands. 

The present war has proved the defi- 
nite need for expansion of our formerly 
meager efforts in the promotion of 
genuine international goodwill. It has 
become evident that greater attention 
should be given to the training of for- 
eign students and the interchange of 
professors between educational institu- 
tions. 

Status OF TRAINING 


The following recent information, 
gathered from many governmental and 
private sources, gives the present status 
of the training of foreign students in 
this country. While the emphasis will 


* Presented at Meeting of Division of 
Administrative Officers, Society for the 


Promotion of Engineering Education, at 
Chicago, Ill., October 23, 1944. 
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be upon the training of engineering 
students, other examples will be cited 
in order that an appreciation may be 
gained of the scope of training of 
students from other lands. 

Statistics on foreign students in the 
United States show that the number 
has been increasing during recent years 
to a maximum of more than 8,000 for 
the academic year 1942-43. At the 
present time, the enrollment from all 
foreign countries is about 7,000.. The 
present enrollment of students from 
Latin America is about 3,000. One 
fourth of all foreign students, or about 
1,700, are in engineering and likewise 
about one-fourth, or less than 700, of 
the Latin Americans are engineering 
students. The foreign students in this 
country are located in about 250 cok 
leges and universities. 

The Institute of International Edt- 
cation, founded in 1919 after the close 
of World War I, has since then been 
the usual agency of the colleges and 
universities of this country in carrying 
on their international cultural relations 
with European countries. In 1938 the 
Institute was chosen by the State De 
partment and the Coérdinator of Inter 
American Affairs to be their instnr 
ment in realizing some of their cultural 
programs with the Latin Americaf 
countries, especially in the aa 
of students and teachers. 
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TRAINING STUDENTS FROM FOREIGN LANDS 


The wartime entrance of the United 
States Government into the inter- 
American student field has proved the 
greatest stimulus for the movement. 
During the last pre-war academic year 
1938-39, there were only 35 Latin 
American students in the United States 
m full-year fellowships administered 
by the Institute of International Edu- 
ation. In the year 1943-44, 370 
latin American students held fellow- 
ships in the United States under the 
mspices of the Institute and 53 United 
States graduate students on fellowships 
in Latin American universities. These 
students were chiefly in engineering, 
riculture, public administration, so- 
dal service, journalism and education. 

Only one European exchange has 
heen active during World War II and 
that is with little neutral Switzerland. 
This is now virtually a “one-way ex- 
thange” inasmuch as students from the 
United States have not been able to 
cure passports to go to Europe since 
September, 1939, although fellowships 
ae available to them in Switzerland. 

The expanded program of Latin 
American students in the United States 
has caused the Institute, whose head- 
quarters are in New York, to open a 
Washington Bureau in September, 
1943, to facilitate contacts with the 
United States government agencies 
working on international educational 
matters. 


Latin AMERICAN STUDENT PROGRAM 


The first government assistance 
made available to Latin American stu- 
dents was under the terms of an inter- 
American agreement signed at a meet- 
ing in Buenos Aires in 1936 and known 
asthe Buenos Aires Convention. This 


%reement provides for the exchange 
by each of the 21 American republics 
of two graduate students annually and 
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one or more professors every two years 
with each of the other governments. 
Thus far only 16 of the nations have 
ratified this convention. To the end of 
1943, the United States received 63 
convention students and has _ sent 
abroad 29 American students. The 
government nominating a student pays 
his traveling expenses and the govern- 
ment receiving the student pays his tui- 
tion, board, and lodging. In Decem- 
ber, 1942, the appointment of United © 
States students to study abroad was 
suspended for the duration of the war. 

Following are some of the recent 
Latin American training projects that 
are of interest: 

Iowa State College arranged a spe- 
cial free course in climatology for six 
visiting students from the other Ameri- 
can republics. These students received 
maintenance grants from the United 
States Government, but paid their own 
traveling expenses. 

The University of Michigan awarded 
20 tuition scholarships to students’ of 
forestry from the other countries of 
this hemisphere. 

A group of 20 dentists, one from 
each of the other American republics, 
came to the United States in 1943 
under the auspices of the American 
Dental Association and the Kellogg 
Foundation. The Foundation paid all 
expenses of the group during a special 
post-graduate course in dentistry at 
the University of Michigan with addi- 
tional work in Chicago and Philadel- 
phia. The Department of State pro- 
vided traveling expenses from the home 
countries to the United States and 
return. 

Pan-American Airways has awarded 
20 round-trip air tickets to students 
each year,:one from each of the 20 
Latin American republics. 

Reader's Digest has given scholar- 
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ships to doctors and nurses throughout 
the hemisphere for the study in this 
country of infantile paralysis. 

In 1943, the Government of Peru 
appropriated $50,000 for ‘sending stu- 
dents to the United States. 

Under a project initiated by the 
Bolivarian Society of the United States, 
named in honor of Simon Bolivar, the 
great liberator of South America, 26 
Latin American students came to the 
United States in 1943. Their own 
governments paid their traveling ex- 
penses, the United States Government 
took care of their maintenance, and 
tuition scholarships were provided by 
American universities. 

In addition, many civic groups, fra- 
ternal societies, service organizations, 
women’s federations, both state and 
national, also provide funds to supple- 
ment partial scholarships for foreign 
students. 

Before the present war the Turkish 
government had sent a large number 
of students in engineering to Germany 
and Great Britain. When the war 
broke out and aerial bombing took 
place in England and afterward in 
Germany, the Turkish government de- 
cided to remove these students to the 
United States. As a result there are 
now, for example, at the California 
Institute of Technology eight Turkish 
students in mechanical engineering. 

When Japan made its attack on Pearl 
Harbor there were more than 1,500 
Chinese students in the United States, 
many of whom were studying engi- 
neering. None of them could return 
home and few were able to receive 
funds from home. Under the circum- 


stances our State Department, together 
with the Chinese Government and the 
universities, supplied financial aid to 
enable these students to finish their 
studies. 


Upon completion of their 
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courses the students were engaged by 
United States industrial organizations 
and United States Government De 
partments to enable them to gain prac 
tical experience. 


TRAINING IN INDUSTRY 


In addition to professional engi 
neering training, a recent development 
has enabled large numbers of foreign 
students to secure practical technical 
training in American industry through 
Inter-American trade scholarships e- 
tablished by the Coordinator of Inter 
American Affairs. These scholarships 
enable young men, between the ages 
of 18 and 28, to come to the United 
States for one or two years of prac 
tical training. The United States Gov- 
ernment pays round-trip traveling ex 
penses and a maintenance allowance 
during a brief period of orientation. 
The companies which provide training 
then pay all expenses of the trainee 
during the period of instruction. 

At the close of 1943, 90 men had 
been placed under this program in oil 
refineries, mines, rubber plants, tele 
phone companies and other establish 
ments. 

Under a similar program set up by 
the Department of Agriculture, 24 men 
were assigned to field parties in the 
Soil Conservation Service on soi- 
engineering problems, and 35 adde 
tional men were placed in agricultural 
extension work. Similarly, the Rural 
Electrification Administration provided 
field experience for 18 men. 

The largest single project of this 
type was that for aviation technicians 
from the other American. republics 
established by the Civil Aeronautics 
Administration. A total of 609 pilots, 
engineers and mechanics were trained 
by this agency during the period 194 
43. At the close of 1943, applications 
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TRAINING STUDENTS FROM FOREIGN LANDS 


had been approved for another class of 
138 men. More than $3,800,000 was 
made available for this series of avia- 
tion classes, from which at least 120 
graduates are now reported employed 
by airlines and flight-instruction schools 
throughout Central and South America. 
Nearly all the Brazilian graduates 
entered the Brazilian air force. 

The United States Weather Bureau, 
wing funds from the Codrdinator of 
Inter-American Affairs and the De- 
fense Supplies Corporation, organized 
asix months’ training course in 1943 
for meteorologists and climatologists 
from all the other American republics. 
The course was held in Medillin, 
Colombia, and was attended by 200 
men. When the class was completed, 
the Department of State gave fellow- 
ships to 29 of the best students to come 
fo the United States for 15 months of 
additional study in universities and in 
Government weather stations. 

More than 300 sanitary engineers, 
physicians and other public health 
specialists from Latin America were 
feceiving or had completed advanced 
training in the United States in the 
12 months ended June, 1944, under 
grants from the Institute of Inter- 
American Affairs. 

At the request of the Chinese Gov- 
tmment a group of Chinese college 
graduates are being trained by the U. 
$. Soil Conservation Service in the 
making of composite maps from aerial 
photographs. It is the hope of the 


Chinese Government that a new land 
survey of China can be undertaken 
later through aerial photographs. 
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About 300 Chinese students have 
been placed during the war in positions 
in American industry or commerce 
where they can earn their own expenses 
and receive practical training in their 
fields of study. These men are with 
10 different aircraft companies, 3 elec- 
trical manufacturers, 2 locomotive 
works, 2 steel companies, and a score 
of other engineering and _ scientific 
firms. : 

A group of 8 Chinese civil engineers 
recently arrived in this country for 
study of flood control and irrigation 
in connection with the United Nations 
Relief and Rehabilitation Administra- 
tion program in China. 

Another group of 35 Chinese in- 
dustrial engineers have been in this 
country for the past 18 months in 
training with the Tennessee Valley 
Authority and other agencies. 

These training projects are all indi- 
cations of China’s awareness of the 
importance of training engineering and 
industrial personnel for her post-war 
reconstruction period. 


CoNCLUSION 


Looking toward the future, there is 
no doubt that after peace is restored 
the number of foreign students who 
will come to this country, particularly 
for engineering education, will be many 
times the number that have come in 
the past. Our sympathetic handling of 
these students will render a service 
not only to the country to which they 
return but also ultimately to the cause 
of international goodwill. 





The Accrediting of ASTP, ESMWT, V-12, and 
Army Institute Credits * 


By A. J. BRUMBAUGH 


Vice President, American Council on Education 


It became apparent in the early 
stages of the present war that the edu- 
cational institutions would be con- 
fronted, as they were in World War 
I, with the problem of granting credit 
on some basis for educational experi- 
ence gained in the armed forces. To 
avoid their previous error of granting 
specious credit and bogus diplomas, 
educational associations and _institu- 
tions joined in declarations against 
giving blanket credit for military ser- 
vice. These declarations generally 
took the form of an endorsement of 
“Sound Educational Credit for Mili- 
tary Experience,” issued by the Amer- 
ican Council on Education. As the 
war progressed it became increasingly 
clear that a positive plan of evaluating 
educational experience gained in the 
armed forces was called for because 
education was to play a large part in 
meeting the demands. of war, and be- 
cause extensive provisions were made 
for men and women in the services to 
continue their education. Gradually 
the following basic principles seem to 
have evolved: 

(1) That secondary and higher edu- 
cational institutions must recognize 
genuine educational achievement on 
the part of members of the armed 
forces, regardless of the plan or aus- 


* Presented at meeting of New England 
Section, Harvard University, Oct. 7, 1944. 


pices under which the education was 
gained. 

(2) That the educational institutions 
must assume the responsibility for 
determining what educational achieve 
ment shall be recognized and how that 
achievement shall be measured. This 
principle of institutional autonomy is 
part of our American educational trad- 
tion that must be preserved. 

(3) That the conventional pattem 
of semester hour or course credits 
based on time units and instructors’ 
marks is not applicable to the evalua 
tion of educational experience gained 
in the armed forces. Therefore, new 
plans of evaluation must be developed. 

(4) That there must be some com 
sistency in the evaluative procedures 
employed to avoid confusion among the 
institutions and to provide equitable 
treatment for the veterans. 

(5) That this problem must be ap 
proached codperatively by the institt 
tions. 

The complexity and magnitude of 
the problem with which both secondary 
and higher education are confronted 
become immediately apparent when we 
consider the wide variety of educe 
tional experience that veterans will 
have had; the approximate numbers 
that will have had these various types 
of experiences; and certain inevitable 
complications that arise due to the 
exigiencies of war. 
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The in-service educational experi- 
ences of members of the armed forces 
who plan to resume théir studies in 
the secondary schools or in the colleges, 
universities, and professional schools 
are of four types. First, the various 
educational programs given entirely 
or largely under the auspices of the 
wlleges and universities. The ASTP 
program provided instruction in nearly 
§0 different curricula. In some in- 
stances these curricula reflected only 
minor differences in content and or- 
ganization, but it is safe to say that 
instruction was offered in at least ten 
or a dozen different subject matter 
areas. The Navy V-12 program, 
similar in some respects to the ASTP, 
likewise provided instruction in 10 or 
more areas of technical, professional, or 
pre-professional education. To these 
father comprehensive formally organ- 
ized programs must be added the 
training of cadets and the Civil Aero- 
fautics Authority Program of the 
Army Air Forces, and the Meteor- 
dlogy programs offered in a compara- 
fively small number of institutions. 
Somewhat different in character, but 
also given under the auspices of educa- 
tional institutions are the ESMWT 
courses designed to provide specialized 
training of a practical nature for im- 
mediate employment or for the up- 
grading of individuals on jobs. 

A second type of educational ex- 
perience is that provided through the 
several educational agencies within the 
armed forces; for example, the Armed 
Forces Institute, the Educational Serv- 
ices Section of the Navy, the Marine 
Corps Institute, and the Coast Guard 
Institute. The programs of these 
agencies include _ correspondence 
courses, self-teaching courses, and in- 
formal off-duty classes. These pro- 
grams will probably be extended to 
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include formal instruction in foreign 
universities and educational centers 
abroad during the period of demobili- 
zation and occupation. 

Third, consideration must be given 
to the informal learning experience 
derived from extensive travel, contacts 
with people and cultures of foreign 
countries, and independent reading and 
study. 

The fourth type of education is that 
provided by the formal training pro- 
grams in the various branches of the 
armed forces. There are hundreds of 
these programs, each directed to the 
development of specialized types of 
abilities and skills essential to the effec- 
tive performance of specified duties in 
the various branches of the services. 

Civilians who are engaged in in- 
dustries and other activities related to 
the war will also have had various 
kinds of training and experience which 
in some instances are related to the 
educational programs of schools and 
colleges. 

There is no adequate basis at present 
upon which to predict the number of 
individuals who will request an evalua- 
tion of their educational experience 
in order to determine their status in 
secondary school or college. It ap- 
pears, however, that in the aggregate 
at least 3 million members of the 
armed forces and individuals engaged 
in civilian war activities will have par- 
ticipated in some form of organized 
education other than the regular mili- 
tary training programs. Even though 
the percentage of individuals who may 
wish to resume some type of formal 
education after the war should be rela- 
tively small, the number of individuals 
whose experience must be evaluated 
by educational institutions will be im- 
pressively large. 

The problem of making these evalua- 
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tions is complicated by the fact that: 

(1) The content of some of the 
programs changed from time to time; 

(2) In some instances students were 
unable to complete the programs in 
which they were enrolled; 

(3) Educational standards have had 
to be adjusted to take cognizance of 
very heavy schedules with little time 
for study outside of class sessions ; 

(4) Some students were inade- 
quately prepared for the programs in 
which they were enrolled; 

(5) The physical education require- 
ments in some instances were so de- 
manding that students frequently were 
too fatigued to do their best in their 
academic programs ; 

(6) Faculty members in some insti- 
tutions were withdrawn from military 
service requiring hasty replacements 
by less competent instructors. 

It is generally agreed that in the 
case of the ASTP, Navy V-12, Army 
Air Forces, Meteorology, and other 
programs of a similar nature, con- 
ducted under the direct auspices of 
educational institutions, each institution 
shall evaluate and record these courses 
in the same way that it evaluates and 
records other courses given under 
its administration. There will un- 
doubtedly be variations among institu- 
tions in the credit value assigned to 
these courses.* Will these variations 
be a source of embarrassment or diffi- 
culty in the exchange of credits? It is 
my opinion that such variations are not 
likely to be greater than those that 
now obtain relative to non-military 
courses. The problem will also arise 
of fitting these courses into a pattern 


* Bulletin No. 69, Higher Education and 
National Defense, July 26, 1944, issued by 
the American Council on Education, con- 
tains recommendations made by the Com- 
mittee on Accrediting Procedures. 
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of general or pre-professional educa- 
tion that is regarded prerequisite to 
specialization. 

Engineering colleges generally have 
made less provision in their curricula 
for general education than have the 
liberal arts colleges. The engineering 
colleges will therefore be corifronted 
with the dual problem of determining 
the nature of the non-technical educa- 
tion that will be acceptable in terms of 
their objectives and the needs of their 
students, and of evaluating the more 
distinctly technical forms of education 
in terms of prerequisites for advanced 
engineering courses. The liberal arts 
colleges, on the other hand, have im 
most cases defined or are in the process 
of defining their general education pro- 
grams. They are confronted more 
especially with the problems of de 
ciding how much and what kind of 
technical training can be accepted to 
apply either at the level of general 
education or in a field of specialization. 

Institutions are likely to be under 
considerable pressure during the next 
few years to grant credit for ESMWT 
courses even though it is generally 
agreed now that because of their 
specialized character these courses do 
not entitle those who took them to 
college credit. The only safe pro 
cedure on the part of institutions that 
are inclined to give such requests any 
consideration is to depend on well con 
structed examinations whereby ind 
viduals may: demonstrate. competence 
that corresponds to achievements if 
their regular educational programs. 
It is very unlikely that many indivi 
duals will be able to validate educa 
tional credit for ESMWT courses of 
the basis of such examinations. 

Three important questions will also 
arise regarding correspondence courses 
given either by universities affiliated 
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with the USAFI or under the direct 
auspices of the Institute or of other 
branches of the armed’ forces. The 
first is the extent to which institutions 
will be willing to accept credit for 
correspondence courses in fulfillment 
of requirements for degrees. 

The second pertains to the proce- 
dures that institutions will employ to 
waluate correspondence work when 
members of the armed forces have done 
asubstantial amount of work in corres- 
pondence courses, but have not taken 
the end-of-course examinations. If I 
may venture to suggest an answer to 
this question, it is: Either use the ex- 
minations in specific subjects pre- 
pared by the USAF for civilian use,* 
or construct appropriate examinations 
for this purpose. 

The third question relates to gradu- 
ae credit for correspondence work. 
Data supplied to the Committee on 
Accrediting Procedures of the Amer- 
ian Council on Education by the As- 
sciation of American Universities 
indicate that graduate schools generally 
ae not inclined to allow credit for 
correspondence courses. The Com- 
mittee on Accrediting Procedures, in 
Bulletin No. 69 already referred to, 
has made the following statement on 
this point : 

In the light of present conditions, the 
Committee believes that institutions may 
wish to re-examine their policies with 
fespect to this matter. If graduate 
tedit for correspondence and_ inde- 
pendent study is contemplated, institutions 
should safeguard their standards by giv- 
ing examinations to evaluate the students’ 
achievement. 


The more crucial problem, however, 
8 the evaluation of educational de- 


*These examinations may be secured from 
the Codperative Test Service, 15 Amsterdam 
Avenue, New York, N. Y. 
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velopment resulting from off-duty 
study, independent reading, and travel. 
In this area the General Education- 
al Development Examination of the 
USAFI provides the most valid mea- 
sure of achievement that is available.. 
The norms for this examination pro- 
vide comparable data on both a national 
and a regional basis. Here again the 
policies of many institutions relating 
to the classification of students will 
have to be revised. Suppose that a 
student who has not completed high 
school achieves a standing in the Gen- 
eral Educational Development Exami- 
nation equivalent to that of a college 
freshman or sophomore. What stand- 
ing are the colleges and universities 
willing to give this student? Suppose 
further that he is given sophomore 
status; how will the institution enter 
on its records the equivalents of his 
freshman work? The case may be 
more complicated, however, if the stu- 
dent’s achievement is at the freshman 
or sophomore level in certain divisions 
of the examination, but at the sub- 
freshman level in other divisions. 
There is likely to be a sufficient number 
of students in this latter category, par- 
ticularly in the larger colleges and 
universities, to require these institu- 
tions to offer instruction below the 
freshman level. 

There will also appear many cases 
in which individuals have not taken 
the General Educational Development 
Examination prior to their separation 
from the armed forces. In such in- 
stances institutions must decide whether 
they will use the special forms of the 
USAFI General Educational Develap- 
ment Examination prepared for civilian 
use and distributed by the Codperative 
Test Service of the American Council 
on Education; whether they will con- 
struct their own examinations; or 
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whether they will completely ignore 
the matter of educational achievement 
gained on an informal basis. Because 


the examination staff of the Armed. 


Forces Institute represents special 
competence in this field, and because 
the General Educational Development 
Examination is undoubtedly superior 
to examinations that can be constructed 
m most individual institutions, the pre- 
ferred course of procedure would be 
to use the special forms of this 
examination. 

There will also arise instances in 
which individuals will have gained 
special proficiency in specific subjects ; 
for example, physics, mathematics, 
geography, and foreign language. 
This proficiency may result from a 
variety of experiences in the formal 
training programs of the armed forces, 
or again from informal study and ex- 
perience. For the purpose of evalua- 
ting this type of educational achieve- 
ment, the Armed Forces Institute has 
prepared, or is in the process of pre- 
paring, examinations in specific sub- 
ject-matter fields. The questions of 
policy relating to achievement demon- 
strated by this examination are similar 
to those just discussed in connection 
with the General Educational Devel- 
opment Examination. Inasmuch as 
forms of these examinations will be 
available for civilian use, institutions 
will have at hand validated objective 
measures of competence in specific 
subject-matter fields for those indi- 
viduals who did not take the examina- 
tions through the Armed Forces In- 
stitute while they were in service. 
These examinations are also available 
through the Codperative Test Service. 

The evaluation of educational achieve- 
ment resulting from the formal train- 
ing programs of the armed forces 
presents a special problem. With 
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reference to credit for basic or recruit 
training, the following policy has been 
recommended by the Committee on 
Accrediting Procedures, and has been 
endorsed by the regional and national 
accrediting associations : 


Institutions should grant credit not to 
exceed a maximum of one-half semester 
to an individual who presents evidence of 
having completed successfully the basic 
training courses in the armed _ forces, 
This credit, if granted, should be assigned 
to hygiene, military science, physical edu 
cation, or appropriate electives. 


There are, however, hundreds of 
training programs, some of which com 
tain elements of education related to 
the usual secondary or college cur 
riculum. Some of these educational 
elements can be evaluated, as has al 
ready been indicated, by special subject 
matter examinations. Certain phases 
of the training programs, however, do 
not lend themselves to an evaluation 
by the objective type of written exam 
nation.. As a means of developing 4 
consistent policy among institutions in 
evaluating the educational elements of 
these training programs, and in order 
to make available readily to instite 
tions a description and analysis of the 
programs, nineteen regional and n# 
tional educational associations it 
cluding the Engineers’ Council for 
Professional Development have undef 
written a special project that is now 
well under way, under the auspices of 
the Committee on Accrediting Pro 
cedures of the American Council of 
Education. 

Several facts regarding this o& 
operative study should be emphasized 
The results of the study will be pub 
lished in a “Guide to the Evaluation 
of Educational Experiences in the 
Armed Services.” One section of the 
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Guide will be devoted to a description 
of the examinations prepared by the 
USAFI that are available through the 
(odperative Test Service, a statement 
of the critical scores on these examina- 
tions, and the cost of the examinations. 
Moreover, in the descriptions of the 
training programs reference will be 
made to the use of examinations when- 
ewer appropriate forms are available. 

Some of the training programs will, 
however, have in them types of educa- 
tional experience that cannot be readily 
waluated by examinations. To aid 
institutions in evaluating these pro- 
grams the Guide will contain for each 
course a ‘statement of the locations at 
which instruction was given, the 
length of the course, the objectives of 
the course, the plan of instruction, a 
description of the content, and recom- 
mendations concerning the credit within 
certain limits that might be allowed 
and the level, secondary or college, of 
the educational experience represented 
by the course. 

These recommendations obviously 
are based on the false assumption that 
wery individual derives the same edu- 
tational value from the same training 
program. It must be_ recognized, 
however, that this same assumption 
tnderlies the method of transfer of 
edit currently employed by most in- 
stitutions. It should be emphasized 
that the subjective evaluations of some 
of the training programs are to be re- 
garded as supplementary to rather than 
a substitute for the examination tech- 
nique. 

As a means of improving the validity 
of the recommendation regarding credit 
in areas for which examinations are not 
available or cannot readily be con- 
structed, a group of carefully selected 
consultants at both the secondary and 
the college level reviews critically both 
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the analyses of the training programs 
and the recommendations that are pre- 
pared by the staff. Since the training 
programs embody chiefly materials of 
a technical and vocational nature, most 
of the consultants were chosen from 
these fields. Many of the training 
programs contain some materials re- 
lated to engineering training. There- 
fore the group of consultants includes 
Frederic L. Bishop, Professor of 
Physics, the University of Pittsburgh; 
Huber O. Croft, Head of the Depart- 
ment of Mechanical Engineering, The 
State University.of Iowa; and Olin J. 
Ferguson, Dean of the College of Engi- 
neering, The University of Nebraska. 

It is not expected that the “Guide to 


_the Evaluation of Educational Ex- 


periences in the Armed Services” will 
be made the basis of standardized 
practices in secondary schools and 
colleges. Obviously, the consultants 
in the various subject-matter fields and 
the staff that is preparing the materials 
cannot take into account the applica- 
tion of the recommendations either 
to specific ‘institutions or individuals. 
Each institution will have to define its 
policies regarding the types of training 
programs that are related to its own 
objectives and degree requirements. 
Also, the credit that is allowed, if any, 
in accordance with the recommenda- 
tions must be related to the individual’s 
educational objectives. To adopt any 
other policy might be equivalent to 
granting “blanket credit,” a policy 
which educational institutions at all 
levels disapprove. It is expected, 
however, that the Guide will be a means 
of maintaining some degree of con- 
sistency among the institutions in the 
amount of credit they may see fit to 
grant for certain training programs - 
related to their own objectives and 
degree requirements. 
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From this analysis of the types of 
educational experience that ex-service 
personnel will present to the sec- 
ondary schools and colleges, and of 
recent developments in plans for evalu- 
ation of these various types of ex- 
perience, three conclusions deserve 
special emphasis : 

(1) Each institution must develop 
and state clearly for the benefit of 
service men and women its policy for 
evaluating and granting credit for edu- 
cational experience gained while in 
the armed services. This should be 
done immediately. In order that poli- 
cies among institutions may not differ 
too widely or be in conflict, general 
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statements of policy such as those pub- 
lished by the American Gouncil on 
Education and the National Association 
of Secondary School Principals should 
be referred to because they represent 
the consensus of leading educators, 

(2) Institutions should take advan- 
tage of the examinations that have been 
developed by the armed forces for 
the purpose of evaluating educational 
achievement. 

(3) Institutions should also take 
advantage of the Guide to the Eval 
ation of Educational Experiences in the 
Armed Services in evaluating educa 
tional experience gained in the training 
programs of the armed services. 
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Engineering Education: Retrospect and Prospect * 


By FRANK B. JEWETT 
President, National Academy of Sciences 


For nearly fifty years now I have 
been interested in the problems of 
planned education (much of it politely 
so called). Some of that interest for 
aperiod of twenty-five years was con- 
cerned with the administration of a 
public school system. For the most 
part, however, it has centered about 
college and university problems—pri- 
marily those involved in science and 
mgineering education. 

Of course earlier still I was involved 
with formal education, but I cannot 
now remember being much interested 
init. In fact, such memories as I have 
seem to run to my distastes, particu- 
larly for grammar and writing as they 
were then taught. I saw no sense in 
the crazy scheme of making us dissect 
sentences and put the parts on a set of 
lines so that they looked like cars in a 
Miniature railroad freight terminal. 
Equally distasteful was the enforced 
use of a sharp pen held rigidly, exactly 
acording to rule, in a hand poised 
lightly on the tips of two fingers and 
moved with a free arm motion to make 
letters in a flowing Spencerian style. 

I didn’t want. to be an old-fashioned 
bookkeeper or write like one. I wanted 
to use a stub pen and write like father, 
and I wanted to keep my wrist on the 
desk if I found it easier and form the 
letters by moving my fingers. 

I am sure the grammar never taught 
me much about putting words in proper 





* Presented at the inauguration of Homer 
L. Dodge as President of Norwich Univer- 
sity, October 9, 1944. 


sequence to convey ideas clearly and 
both my friends and I know that I 
have long since overcome the horrid 
influence of Spencer’s disciples in 
teachers’ colleges and school book pub- 
lishing houses. 

In the initial years of this last half 
century, my interest was that of an 
innocent victim of the regimen then in 
vogue. Later for a few years it was 
that of a young instructor woefully 
ignorant of how best to do what he was 
supposed to do, and essentially a rebel 
against what seemed to him at the 
time, as it still does, a wasteful, in- 
efficient method of fitting young men 
for their life work. Mainly, however, 
my interest has been in technical edu- 
cation at the college and graduate level 
and from the viewpoint of an outsider. 

Partly this has been because of a 
natural interest in education and partly 
because for many years I have been a 
large customer for the product of our 
educational factories and so inclined to 
be critical of their manufacturing 
methods. Although much progress has 
been made in these methods since my 
student days, many of them, I think, 


‘are still far from meeting the specifica- 


tions of efficient straight-line assembly. 

Fortunately for me, applied science 
in the 1890’s was not the enormously 
complex thing it is today. Even then, 
however, engineering courses and engi- 
neering instruction had for the most 
part lost intimate contact with the 
physics and chemistry and mathematics 
which gave them birth. True, ele- 
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mentary courses in these basic sub- 
jects were required of us but they gave 
us no glimpse whatever of the evolu- 
tion that was going on in fundamental 


science. Nor were they designed to 
show us what engineering really was 
and its complete dependence on basic 
science. 

To us, physics was as dead a sub- 
ject as was the Latin which likewise 
we were compelled to take and which 
we made it a point to forget as soon as 
possible. Both seemed to us to be 
quite unrelated to engineering as we 
pictured it and merely intellectual 
hurdles which some one thought it 
good for us to surmount.. Since Greek 
could be elected instead of Latin if 
we chose, I suspect that our guess was 
not far from the truth. Some boys 
did choose Greek because the professor 
was a delightful old gentleman with a 
sense of humor. They won out over 
the rest of us who elected Latin be- 
cause they learned the Greek alphabet 
and so could recognize and pronounce 
the funny characters we were to en- 
counter later in mathematical formule 
and on the fraternity pins. 

As for English, while it was fun in 
a way and forced us to do some reading 
we might otherwise have missed, 
neither the English professor, his col- 
leagues in engineering, nor we young- 
sters considered it really a necessary 
part of an engineering course. None 
of us had any thought that a properly 
designed course, properly given, would 
provide the engineer with his most 
powerful tool—ability to state clearly 
and concisely abstruse technical mat- 
ters in words and sentences the laymen 
who run the world could understand. 

Having cut adrift in all but token 
allegiance to their fundamental science 
forebears, the engineering faculties 
were for the most part inbred and con- 
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lated with the result that such of the § lors 
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ant ap- 

laws. 
rtmen- 
ion at- 


a pre 
to the 
ts. It 
sis for 
whole 
tion of 
re and 


dition 
mighty 
corre- 
of the 
ordeal 
x little 
lot of 
knowl- 
d have 
1-work 
1 they 
ers to 
y hid- 
funda- 


in the 
ante- 
rinable 
shop- 
etitive 
anical 


eering 
tily to 
“ies of 
persist 
lytical 
ted to 


pe of 
| dex- 


Not 











ENGINEERING EDUCATION: RETROSPECT AND PROSPECT 


one in a hundred of us was ever likely 
to use in his professional work such 
kill as he had acquired by main 
strength and awkwardness. We did 
need to know the principles of shop 
methods and practices; of how to read 
drawings and to sketch out our ideas 
sufficiently so that a skilled craftsman 
could put them in final form. We did 
not, however, need to waste a large 
jart of our precious four years learn- 
ing enough to enable us to pass some 
utificial test designed to prove us to 
be at least second-rate artisans. 

The net result of all this, at its worst 
before the tide began to turn, was the 
offer of a multiplicity of courses lead- 
ing to a multiplicity of named engi- 
neering degrees—some of them so nar- 
towly specialized around limited tech- 
tiques that men seldom or never fol- 
lowed them in after life. As for the 
students who took one of these courses, 
the curriculum was in a large number 
a cases a hodge-podge of poorly 
planned and poorly given fragmentary 
wurses piled on to the limit of youth- 
ful human endurance. 

There was little time for quiet think- 
ing on the part of the student ; less time 
for social amenities and frequently no 
provision or opportunity for them even 
lad time been available. Always be- 
fore him was the specter of the next 
tay’s greasy grind and in the distance 
that of the term’s marks. 

The net result was that the majority 
oi students emerged with little if any 
broadening of their general intellectual 
horizons; with substantially no train- 
ing in how to make their technical 
nowledge effective, and too frequently 
% uncultured men who nevertheless 
upired to be classed as members of a 

ed profession. 

The industries of the time were as 
much or more to blame for the state of 
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affairs as the colleges and technical 
schools. They set the specifications for 
the raw material they wanted from the 
schools and generally they set them on 
the low level of immediate productivity 
of the graduate. In a word, they 
wanted the college to be an apprentice 
training school for their current busi- 
ness. The colleges for their part did 
not know enough to know that indus- 
try was not generally competent to 
write educational specifications, nor is 
ittoday. Possibly the scheme had some 
merit in the very early days of formal 
technical training when changes in in- 
dustry were relatively few and gradual. 
It: wasn’t long, however, before both 
industry and the college were follow- 
ing an old trail, blindly oblivious to 
the fact that, except as to fundamentals, 
no college or technical school could 
hope to keep fully abreast of the rapidly 
changing and advancing needs of ap- 
plied science industry. No matter how 
they tried to make established educa- 
tional practice fit an outmoded concept, 
every one of their graduates who en- 
tered industry had to become some sort 
of a freshman in a new school. 

In the main those students who 
fared best were those who had the best 
grounding in the basic sciences and in 
the rather simple principles which un- 
derlie what we term engineering. 

That great engineers evolved from 
this dismal process, and there were 
many of them, was rather in spite than 
because of the well meaning efforts in 
their behalf. At a time when applied 
science in some sector or other was the 
great magnet which attracted imagina- 
tive young men, it was inevitable that 
it would pull into the current of formal 
training many who would have become 
great engineers in any event. The 
proof of this is that many of the great- 
est engineers of the past fifty years had 
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little or no formal training, because 
they had been deprived of opportunity 
for it. 

Things have improved a great deal 
since the nadir of which I have spoken, 
and possibly I have painted the picture 
in darker colors than it deserves. 
Nevertheless there is, I think, still a 
long way to go. Tradition and vested 
departmental interests are hardy “beas- 
ties” which are difficult to modify or 
kill, particularly in democratic socie- 
ties such as colleges and universities 
should be. 

However, engineering in any field is 
at bottom a very simple thing. In any 
sector it is merely the practical applica- 
tion on a large scale of the facts of that 
part of fundamental science to which it 
belongs. As fundamental science ex- 
pands and changes, so must its engi- 
neering adaptation. The. ground rules 
of engineering and industrial research 
are essentially the same as those of 
fundamental science with a few simple 
additions. 

The size of the things with which 
engineers deal may be a thousand times 
or more greater than those of the lab- 
oratory but they are not different in 
kind. It is a truism that “If you can 
do a thing in a laboratory you may be 
able to do it commercially, but if you 
can’t, you can’t.” 

The things with which engineers 
have to deal that do not generally 
bother the fundamental scientist are 
time; money in the sense that it is a 
measure of practicability; and a few 
techniques which long experience has 
shown to represent good engineering 
practice. No two industries mix these 
several factors together in the same 
proportions, but all employ them and 
properly undertaken knowledge of 
them is indoctrinate in the student. 

Before turning from a scrutiny of 
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the past to what might be a course for 
the future by way of improving engi fi 
neering education, I should like to say J gi 
a word or two about my own exper- 
ence both as student and employer of 
scientific and technical men. 

As I look back over my career, it 
seems clear that while I gleaned a vast 
amount of factual data from my formal 
education, my real education as a scien 
tist and engineer was hardly connected 
with it and much that I learned fromit 
I have forgotten or discarded as excess 
baggage. 

The things that have really profited 
me I learned from intimate association 
with two men of widely different back 
grounds—neither of whom ever tried 
to teach me anything. One of thes 
was one of the world’s great physicists, 
A. A. Michelson, and while I took 
some of his graduate lecture courses, 
what I really learned from him was 
acquired in the lowly capacity of sery- 
ing as his research assistant. The 
other, many years later, was a great 
engineer, J. J. Carty, and again by 
being an assistant. 

Both men were scientists by it 
stinct. Michelson was a scholar by vit 
tue of the best training that the world 
could give. Carty had nothing buta 
poor high school education on which 
to build, but in the end he had a greater 
understanding of the power of science 
and a greater respect for it than Michel 
son even. 

Both men were meticulous in theif 
search for basic truth in every prob 
lem they attacked and neither ever a 
tached his name to trivial accomplish 
ments. Both acquired by hard study 
a marvelous capacity for expressing 
themselves in simple concise language 
which their scientific and technical a 
sociates respected and which intelligent 
laymen could understand. Neither of 
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them recognized any compartmental- 
jation in the domain of science or en- 
gineering or of any other domain of 
learning for that matter. All who 
were privileged to work intimately 
with them received a liberal education. 

While we cannot hope to have our 
alleges and technical schools staffed 
wholly by Michelsons and Cartys or 
their like, and wouldn’t want to if we 
ould, I do think we can take a leaf 
from the book of their methods and in- 
corporate it to advantage in the pro- 
gram of our future engineering educa- 
fional program. 

In what I am about to say in con- 
dusion, I wish to make it clear that I 
have in mind the part of engineering 
tducation designed for those who give 
promise of rising to places of responsi- 
bility in their profession. I do not 
have in mind the education of the large 
tumber of men in the range between 
the trade school and colleges and tech- 
tical schools of the first rank. I have 
little doubt that this large sector will 
be adequately taken care of. 

Because engineering is merely ap- 
flied physics, chemistry and mathe- 
matics, I would strengthen the courses 
in these subjects and would do every- 
thing possible to give the student a 
teal understanding of the methods of 
Sientific research and of the revolu- 
tionary things that can come out of it. 
To the extent that it can be done, I 
would carry on engineering training in 
intimate relationship with graduate re- 
search as is done at Cal. Tech. and 
MI. T. 

I would reduce the number of bac- 
tilaureate engineering degrees to the 
finimum, if not to a single one. The 
Multiplicity of them simply tends to 
onfuse the picture and to a large ex- 
tent gives a false impression of what 
Men are. Since any of the many 
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science applications can be used as 
educational disciplines and since young 
men for one reason or another have 
particular bents, I would give wide 
latitude in choice of fields but not of 
courses in those fields. Only the ex- 
perience of maturity can tell how best 
to group courses to attain a desired end. 

I would emphasize English as a tool 
and would do everything possible to 
insure that the student recognized that 
when used by one who had mastered 
it, it is an extremely powerful and very 
necessary tool. 

So far as the strictly engineering 
courses are concerned, I would first 
subject them to the acid test of scru- 
tiny to see that they were directed to- 
ward the indoctrination of principles 
which apply to all engineering and then 
I would squeeze them down as much 
as possible in the matter of time. So 
too with the other courses which may 
be thought to be necessary parts of a 
man’s kit bag when he gets his sheep- 
skin. I would employ salvaged time 
in a way to stimulate independent 
thinking and study. 

You may say that I have outlined 
the rough skeleton of courses in applied 
physics or chemistry rather than 
courses in engineering. Maybe I have, 
because it is difficult for me to know 
the difference. 

What my experience and observa- 
tion have taught me is that men soundly 
equipped in basic science; who know 
the power of its methods and the use 
of its tools; who are grounded in the 
proved techniques of good engineering 
and who can express themselves clearly 
and concisely make good engineers. 

Further, they can tackle problems in 
any field of engineering no matter what 
their specialized training because they 
know how to go about solving engi- 
neering problems as a class. The kind 
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of knowledge and training which en- 
ables men to do this is best acquired 
in institutions of learning which are 
organized for the purpose—it is dif- 
ficult to get otherwise. On the othér 
hand, much of what has made up engi- 
neering education in the past can be 
better done outside such institutions— 
either in actual industry or merely by 
stimulating the student’s curiosity to 
the extent that he will dig it out for 
himself in his own way. He will value 
and remember knowledge so acquired, 
whereas he will more likely than not 
discard it if he feels it is something 
forced on him. 

Some of the things which have been 
done during the present war are strik- 
ing examples of how powerful is a real 
command of basic science and its meth- 
ods and how readily those who possess 
it can take over engineering problems 
of great magnitude and great com- 
plexity. 

One of the most striking examples 
that has come to my attention during 
the war is that of producing in huge 
quantities a very dangerous substance. 
The skilled engineers in this general 
field said it was too dangerous to 
attempt on the scale required. So 
what happened? Top-flight physi- 
cists, chemists and engineers in one of 
our educational institutions who really 
knew their basic science first hand set 
themselves the job of doing what was 
said to be impossible. No one of them, 
so far as I know, had ever had any real 
industrial or engineering experience. 
They did know what constituted good 
engineering however. 

When I saw the plant which resulted 
operating safely with its hundreds of 
employees, without having had a single 
fatal or even serious accident, it was 
to see a factory from which many an 
established plant could take lessons in 
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efficiency and management. It was 
run by a fundamental science research 
man who expected to go back to his 
test tubes when the show was over, 
He did not claim to be an engineer. 

In closing what is in effect a plea 
for a strengthening materially of the 
basic science content of our engineer. 
ing courses to the end that men may 
be better equipped to cope with any 
kind of problem that confronts them, 
I cannot resist returning to the assault 
on compartmentalization and the mu- 
tiplicity of degree designations it 
spawns. 

Actually the designation of degrees 
which are awarded for work done @ 
college or the wording of diplomas 
mean little in after life except as eve 
dence that one has spent a certain time 
at some institution. The name of the 
institution usually conveys much more 
information as to the probable capacity 
of the individual than anything his 
sheepskin may say. It certainly weighs 
heavily in the balance of a prospective 
employer who wants a good man andi 
little concerned as to whether he was 
trained as a mechanical, electrical, 
chemical or fisheries engineer or as@ 
physicist or chemist. 

Whatever its value in helping to get 
its holder a job, it is certain that once 
he has it his sheepskin is of no help 
whatever in enabling him to hold it 
What counts then is the native ability 
of the man and the character of the 
training which he has had. 

Some of the best engineers I have 
ever known never took a single formal 
course in engineering, but they did 
know science and how to use it. S0 
while I would not for a moment advo 
cate abolition of courses in engineering, 
I am all for making them more strongly 
courses in applied physics and chemi 
try than they have been. 
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Education of an Engineer * 


By A. R. STEVENSON, JR., and K. B. MCEACHRON, JR. 


General Electric Company 


Neither of us has ever taught in an 
mdergraduate college and we, there- 
fore, hesitate to be very specific in our 
recommendations. On the other hand, 
we have had considerable contact with 
the hundreds of young college grad- 
wates who have been hired annually by 
the company with which we are as- 
sociated and, therefore, we do have 
some ideas about the type of graduate 
the colleges are turning out and wish 
to suggest some improvements for your 
consideration. 

During the war effort, industry has 
expanded rapidly and taken on many 
new, complicated and difficult tasks. 
As a result young engineers recently 
graduated from college have been given 
temendous responsibilities which in 
the past would have been assigned only 
fomuch older men. They have car- 
ted these responsibilities superbly. 
This is a splendid tribute both to the 
young men and to the engineering col- 
lges from which they were graduated. 
When an educational system has been 
turning out graduates who have met 
these present emergencies so splen- 
fidly, we hesitate to suggest changes. 

It is particularly important to main- 
lain some continuity in education in 
the transition period ahead. Not only 
ineducation but in all fields there is a 
tendency for people to feel that a dis- 
‘ontinuity, like this war, furnishes an 

*Presented at the 52nd Annual Meeting, 


SP.E.E. (Mechanical), Cincinnati, Ohio, 
June 22-25, 1944. 
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excellent opportunity to restart, after 
the war is over, on a radically differ- 
ent basis. Opportunists grasping for 
Utopias may lose much that was valu- 
able in the old and greatly delay a 
return to stable operation. 

We are all aware that there is a 
shortage of engineers now and the best 
informed people believe there will be 
a shortage of engineers after the war. 
It is, therefore, of first importance to 
get the colleges operating successfully 
on the old basis as soon as possible 
and then make improvements after the 
emergency of getting restarted is over. 

During the war, college curricula 
for many students have been greatly 
altered. A splendid job has been done 
on an emergency basis in training men 
quickly. Many of the techniques may 
be of permanent advantage. On the 
other hand educational methods which 
were essential in speedy preparation for 
war may not be advantageous in the 
long run. 

It is felt by many that time is re- 
quired to absorb an education prop- 
erly. For the best effect a certain 
amount of leisure and experience must 
be interlarded with more formal edu- 
cation. The colleges should return to 
a four-year course smarterene, with 
vacation periods. 

It would be a great advantage, how- 
ever, if these vacation periods could be 
scattered throughout the whole year 
instead of all occurring in the same 
three summer months. Then it would 
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be easier for industry to give vacation 
jobs to both students and professors. 
We feel that the professors will do a 
better job of teaching if they can have 
practical experience in industry and 
that the students will learn more in 
their classes if they can have the proper 
kind of practical work during vaca- 
tions. 

“In the prewar period, the college 
budgets provided for operating the 
colleges three-quarters of the year. 
Budgets will probably have to be in- 
creased if colleges are operated the 
year around. Either each professor 
would have to work and be paid for 
three months additional, or, still bet- 
ter, additional professors would have 
to be hired so that classes could be 
operated the year around while still 
maintaining three months’ vacations 
for the professors. 

There should be economy, however, 
in operating the facilities for the whole 
year rather than letting them stand 
idle for three months. Theoretically 
the same facilities operated the year 
arourid could handle - one-third more 
students than on a nine months’ basis. 
This would bring in additional tuition 
which would go part way toward de- 
fraying the increase in salaries. 

In colleges where the tuition paid 
by each student does not cover the 
expenses incurred in educating him, 
the net budget of the college will have 
to be increased. The capacity of the 
college, however, will have been in- 
creased one-third and, due to the bet- 
ter utilization of the overhead, the ad- 
ditional net expense to be raised by a 
Board of Trustees or appropriated by a 
State Legislature would undoubtedly 
be less than this figure. In other 
words, by better utilization of facili- 
ties, the cost per student will have 
been reduced. 
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The shortage of engineers in the 
early postwar period may be made up 
partially by the return of engineers 
from the armed forces. About 1,000 
engineers have left the General Elec- 
tric Company to join the armed forces, 
By the time the war is over, this figure 
will have increased to perhaps 1,500, 

We expect to be urgently in need of 
these engineers returning from service 
to help in the colossal engineering un- 
dertaking of “beating swords into plow 
shares.” If they can be supplemented 
by a continuous flow of undergraduate 
engineers working for us in a con- 
tinuous succession of three months’ 
vacation periods, it will be very helpful. 

Meanwhile, there will be many men 
who have been A-12 or V-12 students 
in the various Army Specialized Train- 
ing Programs or the Navy College 
Training Programs. Some of these 
programs have been of only four or 
six equivalent semesters in length and, 
while of scientific and elementary en- 
gineering material, do not attempt to 
cover the usual ground of a degree 
program. Others are eight semesters 
in length and do lead to a Bachelor of 
Science degree in many of the colleges, 
although the engineering content has 
necessarily been slanted toward prep- 
aration for training as an officer. 

Particularly since the Congress has 





passed the “G. I. Bill,” we hope that 
all of these Army and Navy students 
will return to the colleges to complete 
or to re-orient their engineering educa- 
tion. Industry will be in need of these 
potential young engineers to take the 
place of the usual output of the col- 
leges which has been practically non- 
existent during the past few years. 
Wherever accelerated courses have 
produced narrow specialists or where 
it has been necessary to pump informa- 
tion into the students without sufficient 
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time to absorb the fundamental prin- 
ciples, we hope that the colleges will 
put more emphasis thari ever upon the 
student’s obtaining a real understand- 
ing of the fundamental principles of 
engineering during any re-training 
period. Most of the detailed hand- 
book data originate in industry where 
they are used and the colleges should 
concentrate on the fundamentals, leav- 
ing to industry the use of “handbooks.” 

America has long been noted for its 
educational system, in particular for 
the high level of the average intelli- 
gence of its citizens. In our desire to 
improve the average intelligence, we 
have neglected the brilliant individuals. 
Gerard Swope * in his “Response to 
the Award of the Hoover Medal” ex- 
presses this point very clearly. 


The English, in their universities, 
through their emphasis on the “honours” 
courses, have been successful in the de- 
velopment of the exceptional student. I 
tfemember very well a talk I had many 
years ago with Lord Rutherford, then 
Sir Ernest, the head of the Cavendish 
Laboratories of Cambridge University, 
and himself an outstanding scientist and 
a winner of the Nobel Prize. We were 
discussing engineering education in Eng- 
land and the United States. He said, “I 
grant that the average of your engineer- 
ing graduates is higher than ours, but 
you can’t touch our honour men. We 
don’t pay much attention to the average 
man—he may get something from the 
atmosphere—but we devote ourselves to 
the top quarter of the class.” I came 
back filled with the idea that if we could 
keep the average of our engineering 
graduates as high as it had been and 
still give more time and opportunity to 
the exceptional student, we would make a 





*Former President, General Electric Com- 
pany; “The Engineer and Social Develop- 
ment,” pub. Electrical Engineering, April, 
1943, pages 157-158. 
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real contribution to engineering educa- 
tion and eventually to society, by engi- 
neering leadership. 


It is being realized more and more 
that learning apart from doing is not 
very effective. The teachers should 
think up practical problems to illus- 
trate what is being taught. This does 
not mean that education should con- 
sist of practical problems solved by the 
use of handbooks. The theory should 
be thoroughly understood but it should 
simultaneously be illustrated with prac- 
tical problems which should be simple 
enough so that the student can solve 
them by his own ingenuity. 

The trouble with practical design 
problems which have been given in 
engineering courses in the past has 
sometimes been that they were too 
difficult or outside the range of ex- 
perience of the student, with the result 
that the professor really had to show 
the student how to solve the problem. 

In such a course the student, in- 
stead of being stimulated to develop 
his own initiative, simply copies what 
the professor dictates. This is very 
deadening. It is perhaps one reason 
why so many of the very fine young 
engineers who come to us from col- 
leges tell us that the one thing they do 
not want to do is to design. They 
have obtained an erroneous idea of 
design from humdrum courses where 
they simply did the routine work of 
carrying out the professor’s instruc- 
tions. These same men, when given 
the opportunity to really use their own 
creative ability in designing something, 
no matter how simple, begin to catch 
the thrill of artistic creation. 

Responsibility creates enthusiasm in 
education as in any other field of en- 
deavor. Dr. Stevenson gave a talk on 
education recently in Wisconsin and 
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the discussion led into some of the 
broader fields in which an engineer 
should be interested. An executive 
from a nearby industrial concern said 


that he had made a great effort to get 


some of his young engineers interested 
in these broader fields, without much 
success. In reply Dr. Stevenson haz- 
arded the guess that he had not made 
them responsible for some operation 
in which this broader knowledge was 
required. 

The fact that a young man has taken 
-up engineering is an indication that he 
is of a utilitarian turn of mind. It is 
very hard for him to get interested in 
learning anything just for the sake of 
learning. He can put immensely more 
enthusiasm into the learning process if 
he can see an immediate use for the 
knowledge. Let us hasten to add, 
however, that an education would be 
very limited if it only included items 
the immediate use for which was obvi- 
ous. 

The attitude of the undergraduates 
would be greatly improved if they 
were made responsible for using the 
information which they are learning in 
work outside of the classroom. Many 
undergraduates earn their way through 
college; in fact, past results seem to 
show that those men who do earn their 
way through college benefit greatly 
from the experience. However, out- 
side work of this character could be 
made even more valuable if the knowl- 
edge taught in the classroom could be 
directly applied to outside work. The 
codperative plan under which some 
schools operate is a step in this direc- 
tion. 

One of the most brilliant men who 
ever went through Princeton Univer- 
sity earned his way by tutoring. He 
didn’t teach just one subject, he taught 
everything. Every course he took he 
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had in his mind that he would make 
money teaching that course to some- 


one else. This habit of thoroughly 
understanding and then immediately 
making use of every opportunity for 
education which came his way, has 
produced a very versatile and success- 
ful all-round business man. 

In the Advanced Engineering Pro- 
gram in the General Electric Company 
we select from the best young engi- 
neers in the Program the one to super- 
vise the same class the next year. It 
is not a case of the “blind leading the 
blind” because these young supervisors 
call on several dozen of our older en- 
gineers to help them, but these young 
engineers are completely responsible 
for the classes which they supervise. 
They will all testify that while super- 
vising the class they learn twice as 
much about the subject as they did 
when taking the class the year before. 

This is somewhat similar to the Pre- 
ceptorial System which Woodrow Wil- 
son set up at Princeton where courses 
were run by a small number of older 
distinguished professors and a large 
number of very youthful graduate stu- 
dents who were called Preceptors. 
The difference, however, is that in the 
General Electric Company, we make 
these young supervisors responsible for 
the courses and the older engineers act 
as consultants and visiting lecturers. 
We also have the opportunity to select 
the best of the men going through the 
class, whereas the Princeton system 
was limited in the selection of Precep- 
tors to young men who wanted to stay 
around the college a year or two 
longer. In some cases the men were 
not, by any means, the best men in the 
preceding class. 

Mr. D. C. Prince, Past President of 
the A.I.E.E. and Vice President of the 
General Electric Company, noting the 
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successful operation of the Advanced 
Engineering Program, has suggested to 
some of his friends in the colleges that 
they use the best undergraduates to 
help with the teaching. Under such a 
system the best men in any class would 
be given an opportunity to teach the 
succeeding class. Sophomores would 
teach freshmen, juniors would teach 
sophomores, and seniors would teach 
juniors, etc. The success of the scheme 
would depend upon whether the faculty 
was willing to give these young instruc- 
tors real freedom and make them feel 
responsible for making the most of a 
eative opportunity. I have talked to 
me or two deans about this but they 
could see many obstacles with which 
most of you are familiar. 

If it could be accomplished, however, 
it would give an opportunity to carry 
wut the suggestion which was quoted 
tatlier from Mr. Swope. The average 
pupils would simply go through the 
dasses, the outstanding pupil would 
get the extra opportunity, responsibility 
amd incentive of teaching the classes. 

These carefully selected young in- 
tructors, if given proper freedom, 
wuld do a much better job of leading 
than some of the other instructors who 
fmain on the college payrolls without 
promotion year after year. The substi- 
tution of these undergraduate leaders 
for regular instructors would release 
aificient funds to hire a few really 
irilliant, outstanding professors, world 
famous experts in their fields. In ad- 
fition to professional competence, it is 
fen more important that these men 
lave the ability to work closely with 
the undergraduate leaders, -stimulating 
ad inspiring them, yet making each 


















tmpletely responsible for his class. 
During the depression a large num- 

ler of colleges were given the oppor- 

tunity of adding to their physical plant 
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by grants from the federal government. 
Nothing comparable, however, has been 
done to improve the salaries of college 
staffs. In fact, the new buildings re- 
sult in increased maintenance and de- 
preciation expense which in turn re- 
duces the money available for profes- 
sors’ salaries. Certainly the men are 
more important than buildings and 
adequate salaries for the teaching staff 
should thus be the first concern. With 
adequate salaries, it will be possible to 
attract to the profession men who 
would be outstanding teachers and who 
would lead and guide the college stu- 
dents rather than give them practice in 
handbook engineering. 

Many schools will undoubtedly never 
be able to employ a full complement of 
outstanding teachers. The use of un- 
dergraduate leaders would make it pos- 
sible for these colleges to obtain maxi- 
mum benefit from a relatively few 
“born teachers.” There is no substi- 
tute for the inspiration and guidance 
which such men can contribute. As 
Harvey N. Davis in. his article, “Un- 
conscious Tuition,” * so clearly em- 
phasizes : 


A great *teacher is a man whose per- 
sonality is so attractive, and whose char- 
acter is so fine, that by unconscious tui- 
tion he wins the admiration and life- 
long devotion of his students and all un- 
consciously influences their ideals and 
molds their characters, so that they are 
forever after better men for having sat 
under him. What one learns from such 
a great teacher is often a by-product of 
minor importance, rather than the main 
object or chief advantage of taking his 
instruction. Would that every American 
college faculty might be composed wholly 
of such men! 


* President, Stevens Institute of Tech- 
nology; pub. Mechanical Engineering, Feb- 
ruary 1939. 
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We feel that there is nothing more 
important than teaching. We ought to 
have the best and most capable men in 
our nation guiding the education of our 
youth. Nothing would have a more 
beneficial effect on the future of our 
country. This type of teacher is more 
important than buildings, but he should 
be supplemented and freed from the 
routines of teaching by younger in- 
structors. The routines of teaching, 
which might be deadening to men who 
have to carry on the same routine year 
after year, would not appear as routine 
but as creative opportunities to bril- 
liant young men who were selected to 
do it for only one year at a time as part 
of their own education. 

We have found in the General Elec- 
tric Company that by running an edu- 
cational system in this way we never 
collect any deadwood in the faculty. 
Imagine the high quality faculty which 
could be built up in a college where all 

_the lower teaching positions were filled 
by the most brilliant undergraduates 
and where only the leading men were 
permanent. 

In a Baccalaureate Address at the 
Massachusetts Institute of Technology, 
Mr. H. W. Prentis, Jr.,* made the fol- 
lowing statement : 


Here, alas, is where too great a degree 
of specialization often defeats its own 
ends. Lack of intellectual breadth in- 
hibits the flowering of mental resource- 
fulness. Thus electrical engineers some- 
times disappoint us by proving to be little 
more than skilled electricians; mechani- 
cal engineers, versatile mechanics; civil 
engineers, mere surveyors; lawyers, con- 
veyancers; and, in this august presence, 
dare I add that professors may even be- 
come pedantic pedagogues. 


* President of the Armstrong Cork Co. 
“Technically Trained Men in a Republic,” 
June 4, 1940. 
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It is obvious that the electrical engi. | 


neer has to know mechanical engineer- 


ing and we think careful examination | , 


will indicate that the mechanical engi- 
neer has to know a great deal about 
electrical engineering because so much 
mechanical equipment has electrical 
motors and controls and so many me 
chanical measurements are done with 
electrical devices. 

In 1936 Dr. Stevenson wrote a paper 
entitled “Success in Engineering”? 
giving a list of fifteen broad fields with 
which all-round air conditioning engi- 
neers should be familiar, which com 
cluded as follows: 


The above partial list will indicate that 
there is almost no limit to the ramifica- 
tions of even one branch of engineering 
such as air conditioning. 

Thus we can see that without native 
ingenuity, common sense and experience, 
technical training cannot make an at 
complished engineer. 

He must have a broad knowledge of 
other subjects that he may fully under 
stand the ramifications of each problem 
that confronts him. 

He must understand cost and mafit 
facturing processes so that his ideas may 
be placed at the service of the publit 
at a price which the public can pay. 

Above all, he must be a salesman for 
his own ability and ideas. 


Breadth of education is a necessaty 
basis for good judgment. Henri 
Chatelier, the famous French metal 
lurgist, said,* 


Activities physical and intellectual aft 
powerful tools, but, like every tool, it & 
necessary to employ them judiciously, @ 


+ Reprinted May 1936 Refrigerating Engr 
neering, Volume 31, No. 5. 

* “The Creation of an Intellectual Elite @ 
Science and Industry.” Contained in a pafir 
phlet entitled “Creative Engineering,” pul 
lished by the American Society of M 
cal Engineers, July 1944. 





let or 





gritic 
to th 
disce1 


in in 
in spi 
It 

three 
enter 


It 
educa 








shoul 
cultu 
fo sel 
encou 
focus 
farro 


hand] 


felt tl 
subj ec 
The s 


Thi 
avoide 
integr 


be arc 
the E 
the st 
was h 
solutic 
course 
and if 








let oneself be guided by good sense in the 
glection of the problems to be studied. 


A second form of judgment is the 
witical sense, which is as indispensable 
fo the scientist as to the industrialist in 
discerning the causes of errors in his 
measurements or to forewarn him against 
groneous interpretations of observed 
facts. Too often this quality is lacking 
in inventors who persist in their ideas, 
in spite of evident disappointments. 


“It is often remarked that there are 
three steps in a successful engineering 
enterprise— 


a. Selecting a worthwhile problem. 
b. Solving it. 
¢. Selling the solution. 


It seems obvious that a breadth of 
tducation and knowledge is required to 








slect worthwhile problems and _ it 
should be equally evident that a broad 
ailtural background is also necessary 
fo selling the solution. Industry has 
meouraged the colleges too much to 
focus their attention on the middle and 
tarrow phase, solving the problem. 
Many engineers lack the ability to 
landle the third step, selling the solu- 
tion. As undergraduates they probably 


fit that English was an unnecessary 


subject not worthy of their attention. 
The same was probably true of public 
speaking. 

This attitude could undoubtedly be 
woided if these subjects were properly 
integrated with the rest of the cur- 
ficulum. Much more interest could 
be aroused in the subject of English if 
the English professor could convince 
the student that his course in English 
was helping the student to write the 
%lutions for problems in his other 
courses in more understandable form 
and if the professors in these other 
courses could coéperate with the Eng- 
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lish professor by insisting on good Eng- 
lish presentations. In order to obtain 
this sort of codperation probably the 
English professors should further edu- 
cate themselves by taking some of the 
engineering courses and the engineer- 
ing professors should reciprocate by 
taking some of the English courses. 
We know this is not done at larger col- 
leges but it was the practice at one 
small college with which we are ac- 
quainted and we know it has been 
beneficial. 

In this connection, we have con- 
siderable sympathy for a recent article * 
in the JouRNAL OF ENGINEERING Epu- 
CATION with regard to English teach- 
ers: 


They learn from their students. An 
interest in technical subjects has been 
born, and the old literary bias against 
them is disappearing. A notion of cul- 
ture as an attitude assumed towards any 
subject, technical or philosophical, rather 
than as familiarity with certain arts and 
books begins to appear, and the teacher 
of Wordsworth or Thoreau finds himself 
engaged, and happily, in discussing bak- 
ing methods or the development of alloys. 
For the teacher of speech, too, there can 
be a realization that the orderly descrip- 
tion of a coke-oven is just as valuable 
practice as an argument on Fascism. 


There is a golden mean in every- 
thing useful and after the English 
teacher has won the enthusiastic sup- 
port of his engineering students by 
indicating his own knowledge and en- 
thusiasm for their subject, he can lead 
them to a wider acquaintance with 
English literature which is necessary 
in order to make their writing attrac- 
tive and eloquent. 

Very recently in the General Electric 


Company eight of us were preparing 


*“English in Basic Army Courses” by 
Alexander M. Buchan, published April 1944. 
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short papers for an important sales 
presentation. We got invaluable help 
from one of our older engineers who, 
in addition to being a good engineer, 
has been a lifelong student of poetry. 
He could suggest just the right words 
to give the proper shades of meaning. 

More recently yet, at a large meet- 
ing, the chairman opened the discus- 
sion with a poem which had been pre- 
pared for the occasion by one of the 
leaders of the group. When he fin- 
ished, one of those present remarked, 
“These poets can say so much with so 
few words. How else could the sub- 
ject of this meeting have been more 
clearly and concisely summarized ?” 

College education should provide op- 
portunities for engineers to develop 
leadership. As a member of the Ci- 
vilian Advisory Council of the Mili- 
tary Training Division of the Ordnance 
Department, Dr. Stevenson’s attention 
was called to the fact that in the early 
days of the war 15 per cent of the men 
in the Officers’ Candidates’ Schools 
were being washed out. Only a frac- 
tion of 1 per cent were washed out for 
lack of technical and classroom knowl- 
edge. Nearly the whole 15 per cent 
failed for lack of leadership. In these 
schools, very strenuous efforts have 
been made to develop leadership. This 
is done by athletics, public speaking 
and assignments of responsibility on 
the drill ground and in the squad room. 
There is very little in the present formal 
college curriculum which develops 
leadership or an understanding of hu- 
man relations. 

If we could adopt the practice of giv- 
ing responsibility to the young men 
helping in the laboratories and in the 
classroom, a step would have been 
made in the right direction. It is prob- 
ably because of a lack of responsibility 
in the laboratory and classroom that 
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much stress on their extracurricular 
activities. 

If these extracurricular activities 
could be tied in with a course in he 
man relations where the human prob 
lems, which the young man encounter 
in managing his fraternity or team, 
could be discussed with an older map 
who is an expert in such fields, the 
young man would probably learn mom 
quickly than by the present trial and 
error method. 

There is a need for an enlightened 
understanding of human relations fy 
engineering students because engineer 
ing education has in the past largely 
dealt with “things” and “things” re 
spond to hard, cold logic while people 
respond only to persuasion. 

This is well illustrated in a talk * y 
Dr. J. Duncan Spaeth, the famous pre 
fessor of English and coach of th 
Crew of Princeton, in which he points 
out that an engineer, having built a 
bridge, would not pat the bridge and 
say, “Dear Bridge, for my sake stand 
firm when the floods come.” Bridge 
do not respond to that sort of perstie 
sion. Conversely people do not a 
ways respond to logical reasoning. 

There has been a great deal of cot 
versation lately about the fact that et 
gineers should take an interest in pub 
lic affairs and it has been suggested 
that more cultural courses should & 
included in engineering curricula 
provide engineers with the historical 
background necessary to vote intellt 
gently. It is important, however, that 
history be interpreted properly. 

When we were children we read 


*“Taw for Man and Law for Thing’= 
News-Letter of the Princeton Engineering 
Association. Given at Philadelphia in 198 
for the Eastern States Gas Conference. 


representatives of industry, when re 
cruiting college graduates, place % 
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yarious history books. They ll 
painted Napoleon as heroic and noble. 
Many of us have since come to believe 
that Napoleon may have done many 
constructive things but that the sum- 
total of his influence was pernicious. 
Probably the people in England at the 
time of Napoleon felt very much about 
him as we do about Hitler today and 
yet not very long after Napoleon’s 
death books written in England were 
luding him as a hero and weeping 
sentimental tears about his confine- 
ment on the Island of St. Helena. 
Fifty years from now, are we going to 
have a flood of biographies in the Eng- 
lish language, praising Hitler’s good 
points and forgetting all about his per- 
ticious influence ? 

We have lived through the prohibi- 
tion era. A great many well-meaning 
people thought that prohibition would 
bea good thing. It turned out that it 
tould not be enforced and that its in- 
fluence was, therefore, pernicious. 

Just as temperance could have been 
more effectively encouraged by adver- 
sing the evils of drink than by at- 
ftmpting to enforce prohibition, so 
ultimate improvement in the conditions 
ifthe poor may be more nearly accom- 
flished by encouraging free enterprise 
than by attempting to force an equal 
distribution of wealth and security by 
government fiat which would probably 
‘kill the goose that lays the golden 
gg.” 

The question we are raising is 
whether there is any sense in includ- 
ing cultural courses in history in engi- 
tering curricula if the students are 
going to: be taught to misinterpret his- 
tory. If the history courses are going 
fo help make more intelligent voters 
out of the students then the students 
Must be taught to interpret history 
correctly. 
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There is nothing new under the sun. 
Most of the political experiments have 
been tried in the past. It seems rather 
rash for anyone to rush in and try to 
exert influence on the affairs of our day 
without knowing what has been tried 
and what has failed or been successful 
in the past. Even our academic breth- 
ren are not too well educated in this 
respect. The facts of history may have 
been given correctly but have the his- 
tory teachers felt sufficient responsi- 
bility for interpreting the facts cor- 
rectly? It has been said that a little 
knowledge is a dangerous thing and 
history misinterpreted is perhaps more 
dangerous than no history at all. 

In relation to religion, it is said in 
the Bible * “By their fruits ye shall 
know them.” The prewar educational 
system has produced such a large num- 
ber of fine engineers that it must have 
been a good system. We, therefore, 
hesitate to suggest radical changes, par- 
ticularly in the postwar period when 
the most important problem is to get 
the educational system back to a good 
fundamental basis quickly. 

There is probably no harm, how- 
ever, in bringing up certain suggestions 
for consideration. Although we all 
believe in democracy and would like to 
see the level of the average man raised, 
it seems fairly obvious to many of us 
that democracy in the best sense must 
provide opportunities for capable men 
to rise above the average. Such men 
make the real contributions which bene- 
fit the masses. 

Prewar engineering education has 
been criticized for paying too much at- 
tention to the average and backward 
and for failing to inspire and challenge 
the more brilliant students. Special 
consideration should be given to their 
education in the postwar period. 


* Matthew 7 :20. 
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Since all of us recognize that anyone 
learns twice as much when teaching a 
class as when taking it, one of the best 
ways to give the brilliant students ad- 
ditional opportunity is to make them 
responsible for teaching. This prac- 
tice would relieve professional teachers 
of much of their routine work which 
would serve as creative opportunities 
for brilliant young students. Such a 
student leader would teach any one 
class for so short a period that he 
would never lose the thrill of the ad- 
venture. 

Engineers should be broadly edu- 
cated not only in all branches of engi- 
neering but also in cultural fields. The 
teaching of these latter subjects, espe- 
cially history and economics, must be 
very carefully done to emphasize prop- 
erly the facts of these subjects in rela- 
tion to the democratic way of living. 

It has often been remarked that you 
can use the Bible to prove anything and 
the same might be said of history and 
Pconomics. If such subjects are to be 
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included in engineering curricula, 4 
special effort should be made to assign 
professors who cannot only teach the 
facts but who in addition are broad 
enough men to guide the students to 
interpret the facts correctly. We do 
not want history and economics teach 
ers who will be like the questionable 
scientists whom Henri Le Chatelier* 
describes : 


They are not able to make up their 
minds to abandon their hypotheses when 
they are contradicted by facts; they ty 
to explain the disagreement by new 
hypotheses and stick to their first error, 


It is a very noble undertaking f 
work toward the creation of leaders. 
The prosperity and the future of ou 
country and of the world will depend 
on this. 


*“The Creation of an Intellectual Elite 
in Science and Industry.” Contained ina 
pamphlet entitled “Creative Engineering 
published by the American Society of Me 
chanical Engineers, July 1944. 


Of Interest to Members 


ENGINEERING News Recorp, November 23, 1944, page 10: 


“According to a survey made in the larger cities of Illinois and 
Indiana, three out of every four high school seniors expect to go 


to college. 


“The effect of this highly mechanized war and the age of spe- 
cialized training is revealed in the fact that 43.3 per cent. of those 
planning to attend college will study engineering, the other choices 
in order being medicine, law, business administration, agriculture 


and physical education.” 
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A Direct Velocity Construction of Kinematic Chains 


By GEORGE F. BUSH 


Assistant Professor of Graphics, Princeton University 


A useful graphical method for the 
determination of the velocities of 
kinematic chains, such as that sche- 
matically represented in Fig. 3, has 
been described by Roseanauer,* ¢ but 
it does not seem to be widely known 
inthis country. The author therefore 
offers the following elements from his 
translation of the original. 

The procedure is based on an ex- 
tension of the well-known theorem: 
The projections of the velocities of the 
various points of a straight line on the 
direction of the straight line are equal 
(Fig. 1). (The usual assumptions, 


V“e 


straight line go through a joint which 
connects the two moving planes. The 
considered points, of which the ve- 
locity projections on the straight line 
are equal, may belong to the two 
planes. The proof of this extension 
can be directly inferred from Fig. 1. 
The triangle ADE of Fig. 1 will, when 
turned 90°, be in the position A’E’D’ 
of Fig. 2, and, since the equal compo- 
nents of Fig. 1 will then have their. 
extremities on lines ZL and M, it 
follows that the termini of the turned 
velocity vectors will lie on a straight 
line M parallel to the line L, as in 
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such that’all points of the chain move 
ina plane, or parallel planes, and that 
the links are rigid bodies, are made.) 
The extension consists of making the 


*Riga University, Mechanical Faculty, 
Series 1, No. 14, 1936, p. 373. 

t“A Direct Velocity Construction of the 
Heysinger Steering Mechanism” by N. Rosen- 
auer, Riga University, Mechanical Faculty, 
Series 1, No. 15, 1936, p. 384. 


Fig. 2. (All turned vectors are those 
which have been turned 90° in either 
the clockwise or counterclockwise di- 
rection from the actual vectors.) 

As a first example, take the open 
kinematic chain of Fig. 3. Thechain 
consists of four links, of which three, 
AK, BL, and CM, are fastened through 
turning pairs to the fourth ABC 
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Let the counterclockwise-turned ve- 
locity vectors V;’, V:’, and Vm’, of the 
points K, L, and M, be given in 
relation to the fixed plane. To be 
constructed are V,, Vs, and V,. relative 
to the fixed plane. Find the inter- 
sections D and E of the straight line 
KA with LB and KA with MC. 
(Points D and E have been called 
“auxiliary points” by some authors of 


Va \ Vi 


this country.) Consider D and E as 
points of the plane ABC. According 
to the extended theorem, the terminus 
of V,’ will lie on two straight lines, 
one of which is drawn through the 
terminus of V;’ parallel to KA, and 
the other is drawn through the termi- 
nus of V,’ parallel to ZB. Similarly, 
the terminus of V,’ is the intersection 
of the two lines which are drawn 
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through the termini of V;’ and V,,’ 
parallel to KA and MC, respectively. 
The instant center P of the plane 
ABC is the intersection of V4’ and V.’. 
From it, V.’, Vs’, and V.’ can be 
determined. Finally, these are turned 
back clockwiseclockwise to give the 
required V,, Vs, and V.. 

As a second example, involving 
perhaps a sliding pair, take the open 
thain of Fig. 4, which consists of three 
links, ABC, KA, and CM, the latter 
two of which are- connected to the 
frst through turning pairs. Suppose 
Vi' and V,,’ are given, together with 
the direction b-b of the velocity of 
pint B. The latter may be deter- 
mined by a sliding pair. To be found 


are V,and V,.. First, the intersection 
of AK and CM is D, which is con- 
sidered as a point in ABC. Lines 
through the termini of V;’ and V,,’, 
parallel to AK and CM, will intersect 
at the terminus of V,’. The instant 
center P of ABC, relative to the fixed 
plane, is the intersection of V4,’ ex- 
tended and a perpendicular to b-b at 
B. Line PA determines the direction 
of V,’; the terminus of which is on the 
originally-drawn line through the 
termini of V;’ and V,’._ V.’ is likewise 
determined. V,’ and V,’ are now 
turned back to give the required ve- 
locities V, and V.. V,’ can also be 
determined in this manner, or in a 
slightly different manner.t 


—w 
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Post-War Undergraduate Evening Education * 


By H. RUSSELL BEATTY 


Head, Dept. of Administrative Engineering, Pratt Institute 


I appreciate the opportunity to ex- 
press my views on the important but 
difficult problem of planning post-war 
undergraduate evening education. The 
difficulty in this problem lies in the 
fact that we cannot accurately deter- 
mine what the needs of the students, 
both returning veteran and civilian, 
and of industry, the professions, gov- 
ernment and business will be in any 
exact manner and, therefore, we can- 
not detail our objectives sufficiently to 
build special curricula to meet the 
special needs for those times. How- 
ever, there is a great deal which we can 
do now in preparation for these days 
of greater opportunity. 

After the war, people will earn their 
living very much as they did before the 
war. True, there will be some new in- 
dustries and probably more govern- 
ment than before, but most people will 
earn their livelihood as farmers, fac- 
tory workers, service employees, sales 
people, office workers and in the pro- 
fessions, very much as they did in the 
past. Relatively few changes will take 
place in our economic pattern for such 
changes must evolve slowly and our 
educational system will undergo change 
with them, either leading or lagging, 
depending upon its leadership. It will 
be very dangerous to change either too 
extensively, for such changes should 


* Presented at the 52nd annual meeting, 
S.P.E.E. (Evening Engineering Education), 
Cincinnati, Ohio, June 22-25, 1944. 


noting its action—before acceptancefy 
and reduction to practice is advisable, fj 

We do not have sufficient facts with 
regard to the changes necessary in 
our engineering education to attempt 
sweeping changes in our curricula to 
be put into effect immediately after 
the war ends. We do have many ideas§ 
for curricula change ready for experi- 
mentation when students return to our 


campuses and we are now much more Bagi 


receptive to change in our educational Bi 


institutions than in the past due to the fan 


vast amount of experimenting andj 
change required to meet the needs de- 
veloped by our war effort. We must 
be ready to take advantage of this fact 
when the war ends. 

It is quite obvious that, after the war, 
there will be proportionately less pro- 
fessional engineers than before the war 
and proportionately more individuals 
with sub-professional technical back 
grounds due to the effects of the war 
on our technical education programs. 
This is likely to result in a considerable 
increase in enrollment in our profes- 
sional courses but would appear to 
cause somewhat reduced enrollment in 
the sub-professional field. However, 
I believe we will experience a large de- 
mand in the latter field because of two 
reasons—first, we have never trained 
enough men at this level—and 
many veterans, particularly the more 
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mature, will not desire to spend the 
lime to secure a more complete tech- 
ical training. 
The number of men who will be call- 
ng on the engineering colleges and 
chnical institutes for their training 
iter the war will tax these institutions 
io the limit, if not beyond. There are 
lwo groups to be served—the return- 
ig veterans and the boys leaving high 
ichool. The U. S. Office of Education 
in their survey showed that 17 per 
ent of veterans expect to go to part 
ime school or college when they re- 
, and approximately one-third of 
ese desire college courses, or nearly 
per cent of the total. This would 
in numbers 500,000 to 600,000 
dents for evening college education 
im the veterans group alone. Of 
i-fhis number approximately 11 per cent 
60,000 might be expected to go to 
ineering colleges and technical in- 
itutes. However, many of these men 
not be served at present because 
will be located in communities 
where this education is not available. 
would appear to me that one of the 
lenges that we face in evening edu- 
ation is how to make the opportunity 
fr such education available to those 
heated in other than large urban areas. 
I believe that the following experi- 
ments aimed at improving our evening 
tiucatién for professional engineers 
thould be made : 


1, Experiments aimed at broadening 
our curriculum. ‘ 

2, Experiments aimed at introduc- 
ing more of the “humanistic 
social stem” into our curricu- 
lum. 

3. Experiments aimed at securing a 
greater degree of codperation 
between industry, the student 
and the educational institution. 
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4. Experiments aimed at individ- 
ualizing our engineering educa- 
tion for the maximum develop- 
ment of each student. 


The experiments aimed at broaden- 
ing our curriculum should be designed 
to eliminate, as far as possible, all 
specialties from our undergraduate 
program so that all our graduates will 
be as junior engineers and that spe- 
cialization will occur on the job or in 
graduate work rather than in the un- 
dergraduate curriculum. Some options 
might be available in the latter years 
of the course, but the more general 
the curriculum, the better education 
for the future. For how can anyone 
predict what the future holds in any of 
the specialties? I have heard much 
discussion among engineers regarding 
the probable demand for civil engi- 
neers after the war, many claim that 
we will need large numbers, while oth- 
ers claim the demand will be small. 
Some schools are considering the elimi- 
nation of this curriculum. It is next 
to impossible to predict the demand for 
electronic engineers, aeronautical engi- 
neers, administrative engineers, safety 
engineers, mechanical engineers, elec- 
trical engineers, chemical engineers, 
etc., six to ten years after the war ends, 
or four years after the war ends for 
that matter. Most states have one 
license for engineers—why not one de- 
gree? If the student receives a solid 
training in engineering fundamentals 
with general knowledge of the art of 
applying these sciences to the solution 
of various problems encountered in the 
various branches of engineering, he is 
far better fitted to adjust himself to 
the varying demands for his services 
than if his primary training is too spe- 
cialized. Many students choose the 
wrong fields of specialization because 
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they do not have enough knowledge 
of the field and their aptitudes for the 
work in the field when they are re- 
quired to make their choices. Once 
the choice has been made, they cannot 
change without a loss of time—this re- 
sults in many students remaining in 
one field while they prefer another. 
Many sacrifices are made in the over- 
all education of the engineer and in 
complete grasps of all engineering 
fundamentals in order to bring him well 
along in a field of specialty. This often 
results in an electrical engineer being 
very weak in the fundamentals of fluid 
mechanics and a civil engineer being 
very weak in the fundamentals of elec- 
tronic tubes, etc. I realize that what I 
propose involves a tremendous amount 
of work in the development of new 
courses, the writing of new texts, all 
designed to broaden the training of the 
engineer. To attempt to do this with 
present texts, courses and prejudice 
will cause failure. The changes should 
begin in the first college courses in 
mathematics, physics and in chemistry 
and continue throughout the entire 
curriculum. 

This brings me to the second point 
I wish to make, which ties in very 
closely with my first one. We should 
introduce more of the humanistic-so- 
cial stem into our curriculum and ex- 
periments with this in mind should be 
performed. The Committee on Engi- 
neering Education After the War of 
this Society has discussed this at length. 
I desire only to mention that broaden- 
ing the curriculum to include these 
courses is only possible at the expense 
of specialization and to advocate the 
following courses among those receiv- 
ing consideration: English: composi- 
tion, literature and speech ; Economics : 
Principles and Problems; the History 
of Civilization; Political Science; Ge- 
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and 
Political; Art Appreciation for Eng 
neers; Industrial Psychology, Indus. 
trial Organization and Management, 


ography: Physical, Economic, 


Industrial Marketing and Financial 
Management. If all of the above 
were used, it would amount to about 
thirty-six credit hours or about 25 per 
cent of the entire curriculum, which, 
I believe, is not unreasonable. 

The third series of experiments 
which I suggest are concerned with co 
operation in evening education between 
industry, student and educational in 
stitution. To my mind, our evening 
engineering schools have neglected a 
tremendous opportunity to improve 
their service by failing to develop this 
coédperation. The evening division, 
with its employed adult student, has far 
better opportunity for such codperation 
than the day division. ‘The students 
already employed. All that is neces 
sary is to devote a sufficient time # 
work cooperatively with industry i 
the development of the man to his 
maximum potentiality. It is my ob 
servation that very often those in it 
dustry do not utilize a man to his 
maximum abilities because they do not 
know the extent of his upgrading from 
period to period. If the training & 
rector in the plant and the faculty 
member appointed as advisor to the 
student could meet at least once 4@ 
year—more often if it could be ar 
ranged—and the student’s develop 
ment, program of courses and the like 
reviewed, it might often be possible 
to place the man on work in industry 
which would codrdinate with — his 
school development to the benefit of 
all concerned. 

My fourth and last plea regarding 
evening engineering education is that 
we do more to individualize our e- 
gineering education. Our present 
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method of classroom instruction fails 
to work the top quarter of the class 
while the lower quarter is greatly over- 
worked. This results in retarding the 
brilliant student so that in many cases 
he becomes mentally lazy instead of the 
superior product which we might have 
made him. This is not his fault but 
ours! I realize that the more individ- 
ual we make the instruction, the more 
expensive it becomes, but I believe 
there is much we can do within our 
means. At Pratt Institute we arranged 
dective options for students who were 
above the average in their grades. 
These options were not additional 
courses that they might elect (al- 
though I believe this is done in some 
colleges) but were fields of work in 
which these students wished to develop 
themselves more intensively than the 
regular courses permitted. The stu- 
dents were assigned to the faculty 
member best qualified in the option 
dected and the faculty member was 
available for consultation and to assist 
the students when they needed help. 
We found this program to be helpful 
to the students. 

One of my professors in my under- 
graduate days was conscious of the 
same problem and solved it to his satis- 
faction by assigning to his A and B 
students, on occasion, special problems 
much more difficult than those assigned 
to the rest of the class. He carried 
this to the point of giving two final 
examinations—one for his A and B 
students which was considerably more 
difficult than the one for the balance of 
the class. 

What. method will prove best in 
your subject or college, I am not in a 
position to say, but I believe experi- 
Mentation is needed to improve our in- 
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struction for the better student. Per- 
haps smaller classes, segregation ac- 
cording to ability or some other solu- 
tion will prove best. 

In addition to the professional 
courses offered by engineering eve- 
ning schools, there is even a larger 
opportunity for such schools to give 
adult education through short courses 
of a sub-professional nature and 
through unit courses. Undoubtedly 
many veterans located near schools 
where such education is available will 
enroll in these courses. Because of the 
short duration of these courses, they 
should be intensive, highly specialized 
and designed to meet the needs of the 
industries in the local community. 
Only by maintaining close contact with 
local industry and by developing 
courses as the need arises will this 
work be effective. Our experience 
with E.S.M.W.T. will be most helpful 
to us in this work. 

I feel that experiments to determine 
the proper changes to make in our eve- 
ning undergraduate educational pro- 
gram after the war should be developed 
now and that they should include: 


1. Attempts to decrease the special- 
ization in engineering education 
at the undergraduate level. 

2. Attempts to introduce more of 
the “humanistic-social stem” into 
our curriculum. 

3. Attempts to secure a greater de- 
gree of codperation between in- 
dustry, the student and the edu- 
cational institution for the bene- 
fit of all concerned. 

4. Attempts to individualize the in- 
struction so that the maximum 
development of each student is 
assured. 

















Visual Aids in Technical Writing at the University 
of Texas 


By JOSEPH JONES 


Assistant Professor of English 


Instruction in the technical branches 
has long enjoyed well-developed visual 
aids of many kinds, and the war pro- 
grams have greatly accelerated their 
use. Mathematics, the sciences, and 
the various fields of engineering make 
constant use of sound films, lantern 
slides, film strips, models, displays, 
and perhaps other types of visual aids 
to reinforce classroom teaching, with 
notably good effect. However, some 
of the other branches on the college 
level, English among them, have as yet 
hardly even reached the frontier of 
visual teaching. The result is that any 
experimentation in these subjects has 
to be of a home-made sort, with not 
much precedent to go by and not much 
help from commercial agencies whose 
business it is to promote the use of 
visual teaching equipment. Occasion- 
ally this may be a good thing, with 
necessity leading to novel creations, 
but generally speaking it is not so. 
Often the experimenter may feel that 
too much time must be taken up with 
the minutiz of devising techniques and 
materials which others find already at 
hand, in which event he either recon- 
ciles himself to slow and painful prog- 
ress or does not attempt it at all. 
Some things, however, may be done 
without too much expenditure. This 
article will describe a few of them and 
suggest others. 
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At the University of Texas, English 
317—“Technical Writing for Engi- 
neers and Science Majors”—is a rela- 
tively new but rather large course, by 
virtue of the fact that it is required of 
engineering students and recommended 
for many science majors. There are 
several sections of it, all taught by men 
who are regular members of the De 
partment of English. All the instruc 
tors use visual aids to some extent; 
and the composite picture of what is 
done is rather interesting. 


I. VisuaL AIDS IN THE CLASSROOM 


In the classroom, several different 
types of visual aids are in use. First, 
a semi-permanent display mounted on 
a “Multiplex” display stand is kept im 
one of the classrooms used most fre 
quently for the course. In this dis 
play are usually to be found some 
specimens of student reports, examples 
of technical research papers, diagrams 
and charts of various sorts, and pic 
tures of interest to students in the dif 
ferent branches. The instructor may 
occasionally make use of the display i 
his lectures and in class discussion, 
the students are encouraged to examine 
it. 

Second, a combination opaque (fiat 
materials, books, etc.) and lantern-slide 
“Delineascope” projector is avai 
in the same room. It is frequently used 
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by the instructor for the discussion of 
student reports, since it has the ad- 
yantage of being able to show an in- 
dividual paper to the entire class. The 
discussion of outline procedure, for ex- 
ample, is made especially effective by 
the projector; and other matters such 
as footnotes, paragraph structure, and 
miscellaneous details relating to the 
correctness and appearance of the work 
come in for treatment before the class. 


Similarly, materials supplementary to. 


the text can be made easily available 
to all: specimen reports or research 
uticles from periodicals; report-writ- 
ing manuals other than the one being 
currently used; graphs, charts, flow 
sheets and all such mechanical aids, 
both in and out of their context. 

The student likewise learns to oper- 
ate and use the projector in the pres- 
tmtation of his oral reports. Most 
instructors at Texas require at least 
me oral presentation during the term 
—frequently the explanation of a dia- 
gram. The opaque projector is nearly 
dways used for putting the diagram 
before the class, though upon occasion 
lantern slides, blackboard drawings, 
or simple apparatus have been substi- 
tuted 

Certain classroom uses of visual aids, 
then, are fairly well-developed, though 
there are yet some unexplored possi- 
bilities, as will be indicated later. 


II. Visuat Arps OUTSIDE THE 
CLASSROOM 


Two methods of presenting material 
Outside the classroom have been tried 
at Texas, each with some success. The 
first was a general exhibit illustrating 
the aims and materials of the course, 
housed in a large display room of the 
Architecture Department. This ex- 


hibit, held early in 1944, lasted for two 
Weeks and was visited by numerous 
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students and faculty members inter- 
ested in the course. Included in wall 
and table displays were discussions of 
the aims and methods in English 317; 
student reports of all kinds; examples 
of mechanical aids; specimens of tech- 
nical papers and brochures; a panel on 
visual instruction; and a section de- 
voted to technical writing in the war. 
Manufacturers and research organiza- 
tions have responded generously to 
requests for illustrative material. 

On a smaller scale, the same type of 
exhibit has been placed on a “Multi- 
plex” display provided by the College 
of Engineering for the use of English 
317 and located in the Engineering Li- 
brary. Whole formally planned sec- 
tions are mounted and changed from 
time to time, and a few panels are kept 
open for miscellaneous items of cur- 
rent interest. A general view of the 
course is thus available at all times to 
prospective students, as well as ma- 
terials of special interest to those al- 
ready in the course. In the latter part 
of 1944, for example, a special large 
section on the term report was mounted 
on several of the panels in the display. - 
This had for its purpose the general 
improvement of the’term report, par- 
ticularly with regard to the use of the 
specialized indexes and the periodicals 
in the library. A specimen subject 
was followed through single pages 
taken from discarded monthly copies 
of such cumulative indexes as the Jn- - 
dustrial Arts Index, with special at- 
tention to multiple headings and cross- 
references. Other general advice on a 
wide variety of matters connected with 
the term report was offered through 
humorous drawings clipped from such 
current magazines as The New Yorker. 
Associated with each drawing was 
some specific point about the term re- 
port, typed in large primer letters on 
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a colored label directly beneath the 
drawing. Needless to say, this display 
drew considerable attention and per- 
haps reinforced some of the many do’s 
and don’t’s about term reports that 
stand in perennial need of reinforce- 
ment by any means at hand. In addi- 
tion, entire classes are occasionally 
taken into the library and shown the 
use of periodical indexes in laboratory 
fashion. 

These methods, we feel, have so far 
proved well worth the effort and money 
expended on them. 


III. UNDEVELOPED FRONTIERS IN 
Visua Arps FoR TECHNICAL 
WRITING 


Technical writing is a subject which 
lends itself naturally to the use of 
visual aids, as does nearly any ex- 
pository composition course. Some 
progress has been made, as the earlier 
sections of this discussion show; but 
much more could and soon should be 
attempted. The Army and Navy pro- 
grams have shown many people these 
new ways for the first time, and have 
greatly encouraged those who were 
already moving in the new directions. 

First, the sound film is an unex- 
plored medium of instruction in Eng- 
lish composition. Several possibilities 
offer themselves: a full-period film on 
the mechanics and organization of the 
long report; a short film on the hand- 
ling of bibliography and footnotes ; an- 
other on effective outlines and ab- 
stracts ; still another on varying levels 
of technical language. Such films, if 
carefully prepared and made generally 
available, would do a great deal to en- 
courage the study of technical writing. 
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Second, the resources of the film 
stfip’need to be extended to English 
instruction. Little or nothing is now 
available in the field. Here again, the 


‘long report might well be made the 


subject of a full-period film strip, with 
shorter strips on such subjects as me. 
chanical aids, report forms, outlines, 
abstracts, reference forms, the use of 
periodical indexes, and note-taking, 
In some ways, the film strip is superior 
to the sound film, though not so spec- 
tacular : its speed can be varied ; it can 
be easily stopped or reversed; the in- 
structor can answer questions as the 
film is shown. Each type, however, 
has its own special uses and advantages. 

How can such desirable progress 
best be made? Some of the technical 
societies, the writer believes, might well 
consider the idea of organizing and 
underwriting a program for the pro 
duction of films to promote the study 
of technical writing. More funds are 
needed than individual institutions 
care to spend on really thoroughgoing 
and professional-quality projects; and 
adequate production facilities are sel 
dom close at hand. The commercial 
producers are hesitant to risk any ex- 
tensive explorations into what seems 
to them to be still untried territory. 
Some central direction with adequate 
financial backing is necessary to 4 
profitable program; but, with this as 
sured, as it might easily be by any one 
of a number of the societies which are 
deeply interested in the progress of 
technical education, new visual re 
sources could be brought into being 
and extended into many new areas, t0 
the benefit of all concerned. 
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